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AN INVESTIGATION OF FIGURAL ADAPTATION: A STUDY 
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-< FIELD-THEORY 


By SoNoKO Oxwaki, Clark University 


Figural adaptation is discussed here in terms of systematic changes in 
perception that occur when distorting media, such as prisms, are introduced. 
Such systematic changes in perception are known to be in the direction of 
reéstablishing an orderly perceptual world. The present study is directed 
toward an experimental analysis of factors involved in figural adaptation 
conceptualized from the point of view of an organismic theory, viz. sensory- 
tonic field-theory. The means of disturbing normal conditions of stimula- 
tion used in the present investigation, viz. prisms, have been employed by 
other investigators. Following Stratton’s pioneering work, several investi- 
gators have utilized distorting prisms to study adaptation to a i 
field.* Quite recently I. Kohler in particular has made some significant 
advances in the investigation of figural adaptation by introducing prisms 


* Received for publication August 16, 1959. This inves igation was in part su 
ported by the Research Grant M548 from the National Institute of Mental Health, 
National Institute of Health, Public Health Service. 
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which distort only a portion of the visual field, and glasses which color 
parts of the visual field differently. 

The essential tenet of our approach to figural adaptation is that the 
perceptual process must be analyzed in terms of total organismic activity 
rather than in terms of peripheral sensory functioning. Perception is con- 
sidered here as an experience which corresponds to a particular relation 
between proximal stimuli (s) and the ongoing state of the organism (9). 
A further assumption concerns basic s/o relationships in terms of stability- 
instability. A stable s/o relationship is defined as one where, given a certain 
proximal stimulus (s), there is no tendency for the pertinent aspect 
of the organismic state (0) to change. In contrast, an unstable relationship 
is defined as one where there is a tendency for the pertinent aspect of the 
organismic state to change. It should further be noted that the establish- 
ment of an orderly perceptual world entails the formation of certain 
stable s/o relations which correspond to perceptions of particular signifi- 
cance, such as perception of verticality and horizontality in regard to loca- 
tion, and perception of straightness in regard to form. Unstable s/o rela- 
tionships correspond to perceptions of non-verticality, non-horizontality 
(tilt), and non-straightness (curvature). Taking into account these no- 
tions, adaptation is assumed to involve the following; certain proximal 
stimuli s+ issuing from a physical stimulus ($)—in regard to location, a 
plumb line—are under normal conditions in stable relation to organismic 
state o+; the proximal stimuli issuing from the same S (plumb line) 
through a distorting prism have changed from s, to sy and are in unstable 
relation to the organismic state o,. For figural adaptation to occur, that is, 
in order for the proximal stimuli s, to assume the particular perceptual 
significance of s», ie. verticality, the organismic state must change from 
0, t0 Oy? 

Consonant with organismic theory, the further assumption is made that 
a change in organismic state pertains not to one modality alone, but rather 
to other modalities relevant to the perception with which $ is concerned. 
If, for instance, one deals with verticality, one would expect adaptation 
within the visual modality to have its effect in the tactual kinesthetic per- 
ception (intermodal figural adaptation). Analogously, if figural adaptation 
occurs in one eye, we may expect it to occur in the other eye (interocular 
figural adaptation). 


* Heinz Werner and Seymour Wapner, Toward a general theory of perception, 


Psych@h. Retus..59s 1952. 324-3383. at i Werner, Perceptual Development, 
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A second aspect of this study concerns the process of readaptation which 
we consider fundamentally to be the same as that of adaptation. This part 
of the investigation is exploratory though certain expectation may be 
stated. Without going into a theoretical rationale, one should expect that 
the number and variety of cues available to the organism for exploitation 
in the process of readaptation should be one of the factors influencing the 
rate of readaptation. In other words, with more cues available there should 
be a faster rate of readaptation. One might expect, therefore, that a subject 
(S) exposed to visual stimuli in addition to tactual-kinesthetic stimuli dur- 
ing a period of readaptation, will adapt faster than an $ exposed to only 
a limited amount of tactual-kinesthetic stimuli. 


GENERAL PROCEDURE 


Our expectations regarding interocular and intermodal figural adaptations and the 
different rate of readaptation during reduced stimulation, were tested in two experi- 
ments: Experiment I, Adaptation to a tilted visual field; and Experiment II, Adap- 
tation to a curved field. In Experiment I, $ wore a prism which rotated the total field 
and figural adaptation was measured in terms of the location of a line which ap- 
peared vertical. In Experiment II, $ wore a prism which convexed all vertical lines 
to the right and figural adaptation was measured in terms of the curvature of a line 
which appeared straight. The general procedure for both experiments consisted of 
seven steps as schematized in Table I. This sequence was as follows. (1) Pretest: 
A measurement of visual and kinesthetic apparent verticality (Experiment I) or 
apparent straightness (Experiment II) prior to the introduction of distorting prisms. 
This is the control condition. (2) Adaptation-period: The Ss wore prisms 
moved around or sat in a lighted room. (3) Post-test I: A visual and kinesthetic 
measurement followed the removal of the prisms. (4) First readaptation period: 
During this period of 3 min. and the following readaptation-period (Step 6 in 
Table I), one half of Ss (Exposed Group) moved or sat in a lighted room while 
the other half (Unexposed Group) were seated in a dark room. (5) Post-test II: 
A visual and kinesthetic measurement following the first readaptation-period. (6) 
Second readaptation-period: A period of 5 min. comparable to Step (4). (7) Post- 
test III: This step followed the second readaptation-period—a total of 8 min. re- 
adaptation. The procedure specific to each step is described in the following section. 
The Ss were 20 undergraduate students (10 men and 10 women). 


EXPERIMENT I: ADAPTATION TO A TILTED VisUAL FIELD 


(1) Apparatus. (a) Distorting prism. The distorting medium used for the pres- 
entation of a rotated field was a monocular system of prisms. This system was 
composed of two right angle prisms, one which could be rotated, thereby rotating 
the field, and the other fixed, thereby correcting the left-right reversal of the image 
(see Fig. 1). Each prism was placed in a brass tube 40 mm. in diameter and the 
tubes were fitted one in front of the other. The open ends of the tubes were covered 
with brass disks with circular openings in the-center. Through the openings, 19 mm. 
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in diameter, only the refracted light fell on S's right eye. This system provided a 
visual field of 15° visual angle. The amount of prism rotation could be read from 
an indicator attached to the outside of the tube (C in Fig. 1). A brass disk of 40- 
mm. diameter covered S's left eye. This apparatus was mounted to a circular metal 
frame which was adjusted to S's head. 

(b) Visual verticality. For the measurement of visual perception of verticality, a 
luminous rod (50 cm. long and 20 mm. wide) was used as the stimulus-object. The 
luminous rod was provided by a light box which could be rotated in S's fronto- 
parallel plane. Rotation of the rod was read in fractions of a degree directly from a 
protractor. This rod was so placed, 2 m. before S, that his gaze bisected its length. 

(c) Kinesthetic verticality. A metal rod, 54 cm, long and 9 mm. in diameter was 
used as the stimulus-object for testing the kinesthetic perception of verticality. The 
lower end of the rod was located one half arm's length in front of the $ and pivoted 
at the level of S's waist permitting rotation in the frontoparallel plane. Rotation of 
the rod was read directly from a protractor. 


Fic. 1. DISTORTING PRISM USED IN EXPERIMENT I 

(A) Rotatable prism in the position of no field 

rotation; (B) Fixed prism; (C) Prism rotation 
indicator. 


(d) Goggles. The goggles permitted the exposure, as E desired, of either eye 
independently. For measurement of visual verticality either the left or right eye 
could be exposed; for the kinesthetic verticality, both could be covered. 


(2) Procedure. As schematically presented in Table I, this experiment consisted 
of four tests of visual and kinesthetic verticality. All tests were conducted in a dark — 
room as follows. 

(a) Visual test. S was seated and his head held firmly in place by a head-rest. 
Each eye was tested separately. S's task was to inform the E the direction in which 
the lighted rod should be rotated until it appeared vertical. At the beginning of each 
trial, the rod was started either at 10° left or 10° right from objective vertical. Two 
measurements were taken for each starting-position of the rod. After one adjustment 
S was asked to close his eyes until the rod was set at the starting position for the 
next trial. The order of testing for eyes and starting-positions of the rod was sys- 
tematically varied. Thus a total of four measures was obtained for both the left and 
right eye at each test. 

(b) Kinesthetic test. After the goggles were placed on S, he was instructed 
touch the rod with the finger tips of both hands. His task was to adjust the rod 
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TABLE I 
GENERAL PROCEDURE 
Sequence of Steps 
1 2 3 3 4 mA 6 7 
Pre- Adaptation Post- eadaptation -  Readaptation Post- 
test (15 min.) test I (3 min.) test IT ~ (5 min.) test ITE 
No with- with- 
prism with out without Fs — oe 
prisms prisms prisms 
(All Ss walking (E: Group, crom 
or seated in a ar eaten Lag eye 
light room.) i a light nom a light room; 
n TOUP, eG 
seated in a dark seated in fea 
room.) room.) 


apparent vertical. Two starting positions, 10° to the left and 10° to the right of objec- 
tive vertical, were used. One measurement was taken for each starting-position. 

(c) Measures employed. The position in which the rod was perceived, either 
visually or kinesthetically, as vertical (apparent vertical) was measured in degrees 
of deviation from the objective vertical (plumb line). Arbitrarily, an angular posi- 
tion clockwise of objective vertical is designated by positive numbers (plus sign) 
and counter-clockwise by negative numbers (minus sign). The measure used to 
represent S's performance is the arithmetic mean of the adjustments for each test. 


Results. The effect of figural adaptation in the right eye are presented 
in Table II. Mean positions of apparent vertical are 1.4° and 3.1° clock- 
wise of objective vertical at Pretest and Posttest I respectively.* Follow- 
ing exposure to a titled field for 15 min. apparent vertical shifted 1.7° 
clockwise. This is statistically significant (Between Tests in Table II). This 
figural adaptation for the right eye is in general agreement with previous 
experiments. 


The results concerning figural adaptation in the left eye (interocular 


TABLE II 
VERTICALITY FOR THE RIGHT EYE EXPOSED TO THE DEFLECTION: ADAPTATION 
Source of variation df. Mean square F 
Between individuals 19 3.15 5.26* 
Between tests 1 26.57 44.39* 
Residual 19 0.60 r 
Total 39 2.51 = 


Means: Pretest, +1.4°; Posttest I, +3.4°. 
* Significant at the 1% level. 


3 The physical position of the apparent vertical for the Pretest was rotated to the 
right. Systematic errors of this sort under control conditions have been interpreted in 
sensory tonic theory as an expression of habitual equilibrium of the organism. Wap- 
ner and Werner, 1957, op. cit., p. 62. 
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TABLE MI 
VERTICALITY FOR THE Lert EYE UNEXPOSED TO THE DEFLECTION: ADAPTATION 
Source of variation df. Mean square F 
Between individuals 19 2.73 9.82* 
Between tests 1 26.90 96.71* 
Residual 19 0.28 C 
Total 39 2.16 — 


Means: Pretest, +0.9°; Posttest I, +2.6°. 

* Significant at the 1% level. 
adaptation) are presented in Table III. Mean positions of apparent vertical 
at Pretest and Posttest I are 0.9 and 2.6° clockwise of objective vertical. 
Following exposure of the right eye to the tilted field the apparent vertical 
for the left eye shifted 1.7° clockwise. This is statistically significant. 
Figural adaptation occurred in the unexposed eye to the same amount and 
in the same direction as that for the exposed eye. 

The effects of intermodal figural adaptation are presented in Table IV. 
Means of kinesthetic apparent vertical are 1.1° counter-clockwise and 0.5° 
clockwise of objective vertical at Pretest and Posttest I. Following exposure 
of the right eye to a tilted field, figural adaptation occurred in the kines- 
thetic modality. This finding is statistically significant (see “Between Tests’ 
in Table IV). 

Results concerning the rate of readaptation in the two groups are pre- 
sented in Fig. 2, 3, and 4. It can be seen in Fig. 2 that the apparent vertical 
for the right eye shifted counter-clockwise during readaptation period, 
furthermore the Exposed Group showed a greater readaptation from Post- 
test I to II than the Unexposed Group. From Posttest II to III, the speed 
of readaptation was greater in the Unexposed Group than in the Exposed 
Group. Thus we may state that the Exposed Group readapted faster than 
the Unexposed Group to the normal condition.* This difference in the rate 
is statistically significant (G X T in Table V). 


TABLE IV 
KINESTHETIC PERCEPTION OF VERTICALITY: ADAPTATION 
Source of variation df. Mean square F 
Between individuals 19 3.62 3.19* 
Between tests 1 24.34 21.41* 
Residual 19 1.14 — 
Total 39 2.95 — 


Means: Pretest, —1.1°; Posttest I, +0.5°. 
* Significant at the 1% level. 


* At the Pretest the physical positions of the apparent vertical for the two groups 
differ. This difference may be due to the use of independent groups. Since 
same amount of figural adaptation was obtained for the two groups, we assume the 
peg ca at the control condition did not affect the rate of readaptation (see foot- 
note 3). 
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+3 Unexposed Group 


Position of Apparent Vertical (degree) 


+1 


Protest 1 " m 
Posttests 


Fic. 2 SHIFT OF APPARENT VERTICAL FOR THE 
Ricut EYE EXPOSED TO THE DEFLECTION 


Fig. 3 presents the shift of apparent vertical for the left eye. As can 
be seen in Fig. 3, there is no difference in the rates of readaptation in the 
Exposed and Unexposed Groups. The amount of shift during the readapta- 
tion period was 1.1° clockwise in both groups (Table VI). 

Fig. 4 shows the shift of kinesthetic verticality in the two groups. The 
Exposed Group showed complete readaptation at Posttest II. The unex- 
posed group on the other hand showed only a slight readaptation at Post- 
test III. Although this difference is statistically not significant (GXT in 
Table VII), the mean change of the Exposed Group indicates faster re- 
adaptation than in the Unexposed Group. 

In general, faster readaptation in the Exposed Group than in Unexposed 


Position of Apparent Verticality (degree) 
Cc 


Pretest | 1l 


Fic. 3. SHIFT OF APPARENT VERTICAL FOR THE 
LEFT EYE UNEXPOSED TO THE DEFLECTION 
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TABLE V 
VERTICALITY FOR THE RIGHT EYE EXPOSED TO THE DEFLECTION: READAPTATION 
Source of variation df. Mean square FR 
Between individuals (I): 19 5.33 — 
Between 1 5.10 <1.00° 
Between Is within G 18 5.34 — 
Within individuals: 40 0.86 — 
Between tests (T) 2 11.05 39.21: 
Interaction GXT 2 1.15 4.08? 
Pooled IsXT 36 0.28 —t 
Total 59 2.30 — 


Means: Posttest I, oleae Group +2.7°; Unexposed Grout +3.4°; Posttest II 
Exposed Group +1.8°; Unexposed Group +2'8°; Posttest III, Exposed Group 1.67: 
Unexposed Group +1.6, 

1 Tested against Between Is within G; * Tested against Pooled IsXT. 

* Significant at the 1% level, t Significant at the 5% level. 


TABLE VI 
VERTICALITY FOR THE LEFT EYE UNEXPOSED TO THE DEFLECTION: READAPTATION 
Source of variation df. Mean square F 
Between individuals (I) 19 4.32 — 
Between gop (G) 1 1.87 <1.00 
Between Is within G 18 4.45 — 
Within individuals 40 0.59 —_— 
Between tests (T) 2 7.44 31.02 
Interaction GXT 2 0.01 <1.0%¢ 
Pooled IsXT 36 0.24 — 
Total 59 1.79 — 


Means: Posttest I, Exposed Group +2.4°; Unexposed Group +2.7°; Posttest II, 
Exposed Group +1.4°; Unexposed Group +1.8°; Posttest II Deprned Group +1.3°, 
Unexposed Group +1.6°. i i 


1 Tested against Between Is within G; * Tested against Pooled IsXT. 
* Significant at the 1% level. 


TABLE VII 
KINESTHETIC PERCEPTION OF VERTICALITY: READAPTATION 
Source of variation df. Mean square F 
Between individuals (I) 19 7.49 — 
Between groups (G) 1 48.60 9.341* 
Between Is within G 18 5.20 = 
Within individuals 40 1.49 = 
Between tests (T) 2 4.92 3.92} 
Interaction GXT 2 2:27 1.81? 
Pooled IsXT 36 1.26 — 
Total 59 3.42 -= 


Means: Posttest I, Exposed Group 0.0°, Unexposed Group +1.0°; Posttest II, 
Exposed Group —1.5°, Unesxpoed Group +0.9°; Posttest III, Exposed Group —1.4°, 
Unexposed Group +-0.5°. 


1 Tested against Between Is within G; 2 Tested against Pooled IsXT. 
* Significant at the 1% level; t Significant at the 5% level. 
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Group was found with respect to apparent vertical for the right eye and 
for the kinesthetic modality. No difference was found in the rate with 
respect to the left eye. 


EXPERIMENT II; ADAPTATION TO A CURVED VISUAL FIELD 


(1) Apparatus. (a) Distorting prism. A monocular prism system composed of 
two 15° prisms mounted to a frame, side by side, was used as the distorting medium. 
For this experiment the prisms were set with their apexes together, oriented to the 
left. The amount of deflection used was equal to that of a 30° prism, ie. 30 prism 
dioptors. The frame, containing the two prisms, was fitted to the right eye of a pair 
of goggles. The left eye of the goggles was covered. When these goggles were first 
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Fic. 4. SHIFT OF KINESTHETIC APPARENT VERTICAL 


worn by S, all vertical lines in the field appeared convexed to the right. The ap- 
parent curvature of the vertical lines was 30-mm. displacement to the right at the 
center of a 50 cm. vertical line. Horizontal lines in the field remained almost 
straight. There were other deflections in the field however. The main deflections 
were a lateral displacement and prismatic dispersion along the edge of vertical lines. 
As these deflections were identical for all Ss, they presented no serious obstacle to 
the aim of the experiment. The size of the curved field was 30° of visual angle. 

(b) Visual perception of straightness. A series of luminous lines with various 
amounts of curvature was used for the measurement of apparent straightness of 
lines. The luminous lines were provided by the same light-box used in Experiment 
I. The light box was fixed in a vertical orientation for this experiment. The lumi- 
nous lines, 5 mm. X 50 cm. in size, were one ‘straight line and curves from circles 
40, 30, and 20 m. in diameter. The same curve could be presented as a line either 
convexed to the left or to the right. Thus seven stimulus-lines were used. This light- 
box was located 2 m. away from the S and the length of the line was bisected by 
his line of regard. 

(c) Kinesthetic perception of straightness. The stimulus-object used for a test of 
kinesthetic perception of straightness was a steel bar, 1.5 mm. thick, 6 mm. wide, 
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and 58 cm. long. This bar was objectively straight and was vertically fixed to a 
stand by its ends. It was presented in front of the blindfolded S sitting in a chair. 
His shoulder bisected the length of the bar. 

(d) Goggles. The same goggles employed in the Experiment I were again used 
for blindfolding and monocular exposures. 


(2) Procedure. As schematically presented in Table I, this experiment consisted 
of four tests of visual and kinesthetic apparent straightness. All tests were conducted 
in a dark room as follows. 

(a) Visual perception of straightness. S was seated and blindfolded. Each eye was 
tested separately. Stimulus-lines were presented one at a time in random order. S's 
task was to inform E whether the line presented appeared straight, convexed to the 
right or to the left. Seven judgments of apparent straightness, one for each stimulus- 
line, were obtained for both eyes. When S's judgment was uncertain, the line was 
presented once again at the end of the series. 

(b) Kinesthetic perception of straightness. The apparatus for testing kinesthetic 
perception of straightness was placed in front of the blindfolded S, who touched 
the bar with the finger tips of both his hands and moved his hands up and down. 
His task was to inform E whether the bar appeared straight, convexed to the right 
or to the left. The instructions given S emphasized that the curavture of the bar 
was so slight that he must be careful and judge by his first impression. As the 
apparatus was covered with a piece of cloth when it was not in use, the $ never 
saw the stimulus-object nor knew that the bar was always objectively straight. Three 
judgments of apparent straightness were made by S with a pause of about 10 sec. 
between successive judgments. 

(c) Measures employed. For the visual perception of straightness, Point of Sub- 
jective Straightness (PSS) was determined by means of the method of constant 
stimuli. Arbitrary numbers were used: ‘20’ for the curve of the greatest convexity 
to the right among the stimuli used, ‘50’ for the straight line, and ‘80’ for the curve 
of the greatest convexity to the left. In the tables presented below, numbers less 
than 50 designate PSS convex to the right, numbers greater than 50 designate PSS 
convex to the left, and 50 a straight line. 

To determine the kinesthetic perception of straightness, arbitrary numbers were 
used: '5’ for the judgment of convex to the left, '10' for that of straight, and '15' 
for convex to the right. In Table X, mean kinesthetic straightness of less than 10 
indicates more judgment of convex to the left, and number greater than 10 indicates 
more judgment convex to the right occurred to an objectively straight rod. 


Results. Results concerning figural adaptation in the right eye are pre- 
sented in Table VIII. The PSS at Pre-test is 52.8, at Post-test I is 46.8. 
Thus following exposure to a curved field, the PSS shifted to a line with 
more convexity to the right. The amount of shift is statistically significant 
and in agreement with previous experiments concerning figural adaptation 
to a curved field. 

Results concerning interocular adaptation are presented in Table IX. 
The PSS for the unexposed left eye shifted from a straight line to a line 


FIGURAL ADAPTATION 13 


TABLE VII 


PERCEPTION OF STRAIGHTNESS FOR THE RIGHT Eye EXPOSED TO THE 
DEFLECTION: ADAPTATION 


Source of variation df. Mean square P 
Between individuals 19 66.97 2.25¢ 
Between tests 1 360,00 12.10* 
Residual 19 29.74 = 
Total 39 56.35 = 


Means: Pretest, 52.8, Posttest I, 46.8. 
* Significant at the 1% level; } Significant at the 5% level. 


TABLE IX 
PERCEPTION OF STRAIGHTNESS FOR THE LEFT Eve UNEXPOSED TO THE 
DEFLECTION: ADAPTATION 


Source of variation df. Mean square F 
Between individuals 19 57.75 . 2.21} 
Between tests 1 390.63 14.94 
Residual 19 26.15 = 
Total 39 50.88 = 


Means: Pretest, 50.0; Posttest I, 43.8. 
* Significant at the 1% level; t Significant at the 5% level. 


TABLE X 
KINESTHETIC PERCEPTION OF STRAIGHTNESS? ADAPTATION 
Source of variation df. Mean square F 
Between individuals 19 90.66 2.02 
Between tests 1 22.30 <1.00 
Residual 19 44.87 = 
Total 39 66.60 ee! 


Means: Pretest, 10.2; Posttest, 9.7. 


convexed to the right. This amount of shift is statistically significant. Thus 
interocular adaptation occurred with respect to perception of straightness. 

Results concerning kinesthetic, apparent straightness are presented in 
Table X. Following exposure to a curved visual field, the means of kin- 
esthetic apparent straightness shifted from 10.2 to 9.7. Although this shift 
is in the expected direction, ż.e. number of judgment convex to the left 
increased, it is statistically not significant." The intermodal figural adapta- 
tion was very slight with respect to perception of straightness. 

Results concerning the rate of readaptation in the two groups are pre- 
sented in Figs. 5 and 6. It can be seen in Fig. 5 that the Exposed Group 
showed a complete readaptation at Posttest II while the Unexposed Group 


® Since the ki i i ightness was tested with respect to the per- 
n e kinesthetic perception of straightn s teste dement “convex to the 


ception of an objectivity straight rod, an increase o r 
left” indicates a shift of the apparent "straightness to a rod convexed to the right. 
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showed a further adaptation at Posttest II and a slight readaptation at 
Posttest III. These differences in the rate of readaptation are statistically 
significant. (G X T in Table XT). 

Fig. 6 presents the shift of PSS for the left eye. It can be seen here that 
at both Posttests II and III the Exposed Group showed a greater readapta- 
tion than the Unexposed Group. The difference, however, is not significant 
(G x T in Table XII). 

Since no significant figural adaptation was obtained for the kinesthetic 
perception of straightness, no analysis was made concerning the speed of 
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Unexposed Group 


Pretest 1 iW m 
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Fic. 5. SHIFT OF APPARENT STRAIGHTNESS FOR THE 
RigHT EYE EXPOSED TO THE DEFLECTION 
A number smaller than 50 indicates a line convex to the right; a number greater 
than 50 indicates a line convex to the left; 50 represents a straight line. 
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Fic. 6, SHIFT OF APPARENT STRAIGHTNESS FOR THE LEFT EYE UNEXPOSED 
TO THE DEFLECTION 


A number smaller than 50 indicates a line convex to the right; a number greater 
than 50 indicates a line convex to the left; 50 represents a straight line. 
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TABLE XI 


PERCEPTION OF STRAIGHTNESS FOR THE RIGHT EYE EXPOSED TO THE 
DEFLECTION: READAPTION 


Source of variation df. Mean square F 
Between individuals (I) 19 163.95 -= 
Between groups (G) 1 81.67 <1.00" 
Between Is within G 18 168.52 - 
Within individuals 40 46.02 a 
Between tests (T) 2 48.75 1.31? 
Interaction GXG 2 202.50 5.45 
Pooled IsxT 36 37.18 = 
Total 59 84.15 = 


Means: Posttest I, Exposed Group 45.5, Unexposed Group 48.0; Posttest II, Exposed 
Group 52.5, Unexposed Group 45.5; Posttest III, Exposed Group 51.0 Unexposed 
Group 48.5. 

1 Tested against Between Is within G; * Tested against Pooled IsXT. 

* Significant at the 1% level. 


TABLE XII 


PERCEPTION OF STRAIGHTNESS FOR THE LEFT Eve UNEXPOSED TO THE 
DEFLECTION: READAPTATION 


Source of Variation df. Mean square F 
Between individuals (I) 19 82.87 ee 
Between groups 1 120.42 1.49" 
Between Is within G 18 80.79 a 
Within individuals 40 24.17 = 
Between tests (T) 2 80.00 3.63°* 
Interaction GXT 2 6.66 <1.00° 
Pooled IsxT 36 22.04 ae 
Total 59 43.07 = 


Means: Posttest I, Exposed Group 44.5 Unexposed Group 43.0; Posttest II, Exposed 
ote ae Unexposed Group 46.0; Posttest III, Exposed Group 47.5, nexposed 
Troup 44.0, 


1 Tested against Between Is within G.  * Tested against Pooled IsXT. 
* Significant at the 5% level. 


readaptation in the two groups. In sum, it was found that the Exposed 
Group readapted faster than the Unexposed Group with respect to percep- 
tion of straightness for both right and left eyes. 


SUMMARY AND CONCLUSION 


In the experiments reported here, figural adaptation to fields distorted 
by prisms was investigated. This process was studied in terms of the after- 
effects of adaptation to two types of distorted field, one tilted and the 
other curved, and readaptation back to the normal visual field. Further- 
more intermodal and interocular transfer of the after-effects and readapta- 
tion was also studied. The findings are summarized as follows: In Experi- 
ment I, it was found that following exposure of the right eye to 4 V 
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field tilted in clockwise direction, the apparent vertical for the right eye, 
for the unexposed left eye, and for the kinesthetic modality shifted clock- 
wise. In Experiment II, following exposure of the right eye to a field in 
which all vertical lines were convexed to the right, the apparent straight- 
ness of a line for the right eye and for the unexposed left eye shifted to a 
line physically convexed to the right. Although not significant, the kines- 
thetic perception of straightness changed in the same direction as visual 
perception of straightness. With respect to the rate of readaptation it was 
found in both experiments that, in general, the group exposed to the nor- 
mal visual field and allowed to move during the readaptation period 
showed a faster rate of readaptation in comparison to the group sitting im- 
mobile in the dark room. 

The basic process of figural adaptation has been discussed as follows: 
assuming that perceptual experience is a function of the relation between 
the organismic state and proximal stimuli and that significant perceptual 
experiences such as verticality and straightness correspond to a stable s/o 
relationship; figural adaptation then is viewed as entailing perceptual 
changes based on a new relationship of stability between the deflected proxi- 
mal stimuli issuing from a plumb line or physically straight line. This rela- 
tionship comes about through the change of the organismic state such that 
this change corresponds to the shift in proximal stimulation. 

The finding of interocular and intermodal figural adaptation to a tilted 
field and a curved field are consonant with the basic assumption underlying 
this interpretation of figural adaptation. Interocular and intermodal figural 
adaptations are at variance with the view that adaptation involves simply 
a local change in the sense organ directly stimulated; rather they must be 
attributed to a more central change in the organismic state relevant to the 
experience of verticality and straightness in both visual and kinesthetic 
modalities. 

The second finding of this investigation concerns the effects of mobility 
of the Ss and exposure to visual and tactual-kinesthetic stimuli upon the 
rate of readaptation. These findings though in the direction of expecta- 
tions, require further experimentation before conclusions as to their theo- 
retical significance can be drawn, 


THE PERCEIVED DURATION OF AUDITORY AND VISUAL 
INTERVALS: CROSS-MODAL COMPARISON 
AND INTERACTION 


By Isaac BEHAR, Army Medical Research Laboratory, 
and WILLIAM BEVAN, Kansas State University 


Recent studies have indicated that judgments of perceptual magnitude 
are related to internal norms derived from previous stimulation.* A cen- 
tral problem associated with the prediction of such judgments involves 
determining the criteria which identify inputs that are relevant to the 
derivation of this norm. One facet of this problem concerns modality of 
stimulation as a significant variable, particularly when the stimulus- 
sequence involves the presentation of signals to more than a single mo- 
dality. A logical prerequisite to the investigation of such a relationship 
involves selecting for study a dimension which is either common to sev! 
modalities or, at least, exists for one modality and has an analogue in an- 
other. Temporal duration, which meets this requirement, was chosen as the 
stimulus-dimension in the present case. The practical problem of stimulus- 
control was handled by selecting vision and audition as the input modali- 
ties. 

A common procedure in the study of the judgment is to determine the 
effect of a stimulus differing in magnitude from the rest of the stimulus- 
series.? The present problem may be formulated more explicitly in terms 
of the relative effectiveness of anchor-stimuli presented to the same modality 
and to a modality different from that of the stimulus-series. This, in turn, 
involves comparing anchor-effects in judgments of temporal duration r 
at least two modalities. It also involves investigating the possibility of 
heteromodal anchor-effects and a comparison, if they are demonstrated, 
with intramodal effects. In all, five interrelated experiments Were per- 
formed. 


1960. This work was done at Emoty Uni- 


1 Harry Helson, Adaptation-level as frame of reference for prediction of Po rns 


physical data, this JOURNAL, 60, 1947, 1-29; William Bevan and ©. £ ; 
of experience and the constancy of an indifference point for perceived weight, this 
judgments, Arch. Psychol, 37, 1941 


Rp "i s this JOURNAL, 2%, 
(No. 261), 1-42; W. A, Hunt, Anchoring effec G judgment, to Jo Methods, 


* Received for publication January 15, 


2nd ed., 1954, 312-314. 
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EXPERIMENT I: ANCHOR-EFFECTS FOR DURATION 


The aim of the first experiment was to look for an anchor-effect in 
judgments of temporal duration. Although Postman and Miller had pre- 
viously demonstrated an effect for auditory durations, their series was 
limited to the range, 0.25-1 sec., and correspondingly brief anchors were 
used.* The present design called for longer series-durations, wider ranges, 
and contrasting anchors. 


Subjects. The Ss were 24 undergraduate students of psychology; 17 men and 7 
women. 

Procedure. The method of single simuli was employed in all experiments. The 
apparatus for producing visual signals consisted of a neon glow-lamp (G. E. NE51) 
mounted in a black wooden screen (18 X 24 in.) about 2 ft. in front of S. The 
intensity of the lamp was regulated with a Variac. Auditory signals were ‘white 
noise’ fed through an amplifer (Heathkit A-7) into earphones (PDR-8). Stimulus- 
durations were controlled by a Hunter timer (IIIC). All switches were silent, and 
possible cues from the setting of the timer were eliminated by the use of heavily 
padded earphones and an ambient masking noise. 

The stimulus-series for the first experiment consisted of visual durations of 1, 2, 
3, 4, and 5 sec., presented in a predetermined random order, except that: (a) no 
duration was repeated in succession; and (b) each duration appeared 5 times in 
each successive block of 25 trials. An anchor below the range of the series (0.2 
sec.) and one above the series (9 sec.) were used. Each $ judged the stimulus-series 
under three conditions: (a) with no anchor; (b) with the short anchor; and (c) 
with the long anchor. The order in which the Ss encountered each condition was 
completely counterbalanced. The series was judged 15 times in each condition, 
making a total of 225 judgments for each S. Anchor-duration, when presented, were 
interspersed with the series as every fourth stimulus for a total of 25 presentations — 
each. They were given no special designation by E“ An 11-category scale, very-very- 
very-short through medium to very-very-very-long, was used. The interstimulus- 
interval was about 6 sec. and periods of 2 min. intervened between conditions. The 
Ss were not informed of the structure of the series for any condition. 

At the beginning of the test-session, S was instructed to express his judgments 
verbally in terms of the 11-category scale, forming these responses relative to the 
durations he received, rather than in terms of any impression he might have had ~ 
prior to testing. He was asked to refrain from counting or tapping as a means of 
estimating the intervals, 


Results. The median judgment for each $ for each series-duration was 
determined for each condition after converting the descriptive categories 
into a numerical scale by assigning the values 1-11 to the ordered cate- 
gories. Next, the mean judgment for the 24 Ss for each of the 5 durations 

*L, J. Postman and G. A. Miller, Anchoring of temporal judgments, this JOURNAL, 
58, 1945, 43-53. 


‘What is here called an anchor, Helson refers to as a predominant-stimulus mem- 
ber of the series. 
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in cach of the 3 conditions was calculated. A 3 X 5 x 24 (treatments x 
treatments X Ss) analysis of variance was performed on these data* All 
main effects were significant: among Ss, among durations, and among con- 
ditions; the former two at the 0.1% level (Posoe = 11.83; Fim = 
21.88) and the latter at the 59% level (Fse = 3.46). The data are pre- 
sened graphically in Fig. 1.* 

Because the order of conditions was completely counterabalanced, it was 
possible to extract from the SS for Ss a component associated with se- 


EXP 1) ALL CONDITIONS past CONDITION ONLY 
meas 


CATEGORY 


JUOGMENT 
« 


3 « s 


3 kd s ' 2 
‘SERIES DURATIONS (sec) 


Fic. 1. INTRAMODAL ANCHOR ETS a Vision WITH ANCHORS ABOVE 
AND BELOW SERIES p 
(The left panel shows the data of Experiment I across all orders; the right 
panel shows the data for the condition presented first.) 


quences of conditions, and, from the SS for Ss X conditions, a sequence X 
conditions interaction, Both were significant (Fsns = 4.49; P<0.01; 
Foss = 2.25, P < 0.05). These significant F-ratios indicate a perseveri 
tion of the effects of one condition to the next. This perseveration might 
be expected to reduce the observed anchor-effect when, as in the present 
analysis, the latter results from the averaging of judgments for each con- 
dition regardless of serial order. Such an attenuation should contrast 
sharply with the condition presented first, where there can be no perseveta- 
tion. Accordingly, the mean judgments of the 8 Ss in each condition for 
OOOO Oe eS 


* E. F. Lindquist, Design and Analysis of Experiments in Psychology and Education, 
1950, 237-238. ~ 


to delineate a quantitative version of the pooling principle, precise tabui 
data has been omitted in the interest of space. Such data are available upon request. 


at 
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the first-presented condition were determined, and evaluated in a mixed- 
design analysis of variance.’ In this case, the differences among conditions 
are very large, confirming the present hypothesis. Furthermore, the effect 
of the long anchor exceeds that of the short by more than four times. The 
difference among conditions presented initially is significant at the 0.1% 
level (Foo, = 10.24). 

The analysis of both the over-all results and those for the first-prescated 
condition alone confirm the occurrence of anchoring effects with longer 
durations than have heretofore been demonstrated, The perseverative ef- 
fect, noted also by earlier workers, strongly indicates the necessity of using 
independent groups for the several conditions to obtain an accurate esti- 
mate of the anchor-effect.s The marked difference between the long and 
short anchor-effects indicates a limitation in the range of possible anchor- 
durations below the series. It was thus decided to use only longer anchor 
durations in subsequent experiments. 


EXPERIMENT II: COMPARISON OF ANCHORING WITH 
VISUAL AND AUDITORY DURATIONS 


The second experiment was directed toward a comparison of the relative 
effectiveness of anchors in the two modalities of vision and audition. Sep- 
arate anchor and no-anchor groups were used in both modalities to avoid 
inaccurate estimates of the anchor-shift associated with perseverative effects. 


Subjects. The Ss were 120 undergraduate students of psychology; 73 men and 
47 women. 

Procedure. For convenience of discussion, this study is described in terms of two 
sets of data: one involving the judgment of light-filled intervals (Experiment II-L), 
the other the judgment of noise-filled intervals (Experiment II-N). In Experiment 
II-L, there were 75 Ss divided randomly (except to equate sex-ratios) into five 
groups. The control group judged the series alone, the others, the series plus a 6-, 
10-, 15-, or 20-sec, anchor. Each series-duration was presented 30 times in random 
sequence; each anchor, as every fourth trial, 50 times, Although Ss began judging 
with the first stimulus, the first 25 judgments were treated as practice and not in- 
cluded in computations. 

Experiment II-N, involving three groups of 15 Ss each, was a replication of the 
no-anchor, 10- and 20-sec. anchor-conditions of Experiment II-L, except that the 
durations were auditory. The perceived intensity of the noise was adjusted by heter- 
omodal subjective-magnitude matching to the apparent intensity of the neon light. 

1 Lindquist, op. cit., 266-305. 

*S. R. Truman and E. G. Wever, The judgment of pitch as a function of the series, 
Univer. Calif. Publ. Psychol., 3, 1928, 215-223; D. M, Johnson, Learning function 
for a change in a scale of judgment, J. exp. Psychol, 39, 1949, 851-860; M. E. 


Tresselt, The influence of the amount of practice upon the formation of a scale 0! 
judgment, jbid., 37, 1947, 251-260. 
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The value used was the median of the equality-judgments of three experienced 
judges. 

Results. The means for the 15 Ss in each group of Experiment II-L are 
represented in the left panel of Fig. 2; those for the groups of Experiment 
II-N in the right panel. Mixed-design analyses of variance were performed 
on the two sets of data, The obtained differences in judgment for both 
visual and auditory groups are significant at the 0.19% level (Faro = 
16.86; Faja = 17.8). The interactions of anchor-conditions X durations 
are equally reliable (Fro/2s0 = 45.4; Feyicg = 10.17). These data reveal, 
as have those of earlier studies, that the extent of an anchor's influence is 


JUDGEMENT CATEGORY 


4 5 


Sa 0) bho eaters 
SERIES DURATION (sec) 


Fic. 2, INTRAMODAL ANCHOR-EFFECTS FOR VISION (LEFT PANEL) 
AND AUDITION (RIGHT PANEL) 


proportional to its magnitude; meanwhile, our present results suggest the 
function to be negatively accelerated as the limit of anchor-effectiveness 1s 
approached, The anchor-effects are asymmetrical, those series durations 
closest to the anchor showing the greatest shift. è 
While the results for the two modalities are, in general, quite similar, 
certain differences must be noted. A comparison of the three pairs of cor- 
responding groups indicates that the auditory durations were judged longer 
than the visual durations. This difference was clearly significant (Fassa = 
8.26, P < 0.01), but the significant interaction (modality X duration, 
F 4/535 = 3.83, P < 0.01) indicates that this difference was not consistent 
throughout. Reversals occurred only for the longest duration in the no- 
anchor conditions, and the shortest duration in the 10- and 20-sec. anchor- 
conditions, As there is, in addition, a significant anchor-conditions X mo- 
dalities x durations interaction (Fsysse = 6-73, P < 0.001), it is not clear 
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at this stage of experimentation whether the observed modalities-effec 
reflects a true subjective difference in the duration of auditory and vi 
signals, or whether it is the result of greater anchor-effects under visual 
than under auditory conditions. 


EXPERIMENT III; Aupio-VisuAL DIFFERENCE IN TIME-PERCEPTIO 


The preceding experiment revealed that Ss judging auditory intery 
consistently used categories indicating longer durations than did those judg 
ing visual intervals. The present study was designed to check the existence 
of this modality-difference by eliminating the possibility of differential in 
termodal anchor-effects, and to obtain an estimate of its magnitude. 


Subjects. The Ss were 20 undergraduate students of psychology; 16 men and 4 
women. 


Procedure. Each $ judged 75 visual and 75 auditory signals with durations of 
from 1-5 sec. The signals were presented in a randomly-ordered, mixed series 
except that: (a) runs were limited to three successive presentations in one modality 
and (b) there were five auditory and five visual presentations of each duration im 
successive blocks of 50 trials. Instructions were like those previously used. At the 
end of the test session, as a further check, eight of the Ss were questioned concern- 
ing perceived differences in the subjective intensity of the signals in each modality. 


Results, The median judgment for each duration was determined sep- 
arately for the auditory and visual trials. The means of these values for 
the 20 Ss are presented graphically in the extreme left panel of Fig. 3. 
It is clear from this figure that the data of this experiment confirm the 
greater (about 20%) judged duration of the auditory signals suggested 
by the preceding study and also reported by others. Of the 8 Ss who made 
judgments of the relative intensity of the signals for the two modalities, 
three judged them to be equal, while five judged sound to be slightly more 
intense. Meanwhile, inspection of the individual data revealed no system- 
atic relationship between subjective impressions of intensity and the dem- 
onstrated intermodal difference in judged duration. An analysis of variance 
(treatments X treatments X Ss) further indicates that the intermodal di 
ference is highly significant (Fy, = 39.7, P < 0.001). The interaction 
of modalities and durations is not significant (Fy), = 1.43), indica’ 
the relative over-estimation to be approximately constant, at least over tl 
1-5 sec. range.1° 


* Sanford Goldstone, W. K. Boardman, and W., T. Lhamon, Intersensory compari- 
son of temporal judgments, J. exp. Psychol., 57, 1959, 243-248. 
* A more recent analysis indicates that the difference may appear from the initi 
judgment. (See Isaac Behar and William Bevan, Analysis of the prime psychophy 
judgment, Percept. Mot. Skills, 10, 1960, 82.) 
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Fic. 3. CoNTROL-LEVELS OF EXPERIMENT III (LEFT PANEL) AND ANCHOR-EFFECTS 
FOR MIXED AUDIO-VISUAL SERIES (RIGHT PANELS) 


EXPERIMENT IV: HETEROMODAL ANCHOR-EFFECTS 


Earlier students of anchoring have, with few exceptions, restricted their 
manipulation of stimuli to variations along a single input-dimension. The 
present experiment explores the possible effect upon judged duration of 
introducing anchor-stimuli to one modality and series-stimuli to another. 

Subjects. The Ss were 60 undergraduate students of psychology; 31 men and 29 
women. 

Procedure. The Ss were assigned at random (except for equating sex-ratios) to 
four groups. Two groups received visual series-stimuli and two auditory series- 
stimuli. One group in each pair received a 10-Sec. and the other a 20-sec. anchor 
from the alternate modality. The testing procedure was essentially the same as 10 
Experiment II. 


Results, The several group means of the median judgments ate pre- 
sented graphically in Fig. 4, which also includes, for reference-levels, the 
no-anchor means of Experiment II. Inspection clearly indicates that the 
heteromodal anchors, like the intramodal anchors of earlier experiments, 
are capable of inducing shifts in judged series-durations. Mixed-design 
analyses of variance were performed separately on the data of the three 
visual-series groups (left panel of Fig. 4) and on the data of the three 
auditory-series groups (right panel). For both modalities, the differences 
among the no-anchor condition and the two heteromodal anchor-conditions 


24 BEHAR AND BEVAN 


are highly significant (visual series: F,,/,. = 9.35, P < 0.001; auditor 
series: F2/4. = 12.96, P < 0.001). The anchor interaction (conditions > 
durations) is equally significant in both analyses (Fs,193 = 32.10; FPeyy 
= 10.15), indicating that the effect of the heteromodal anchors, like th 
of the intramodal anchors, is asymmetrical over the range of series-d 
tions. 

The influence of the visual anchors was directly proportional to anchor 
magnitude, while an opposite relationship obtained for the auditory an: 
chors. When compared with intramodal anchor effects (Fig. 2), the mag 
nitude of the effects of both 10-sec. heteromodal anchors is seen to be 
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about equal to that obtained with corresponding intramodal durations. By 
contrast, the effects of the 20-sec, heteromodal anchors are relatively e- 
duced (the heteromodal effects for visual and auditory anchors are only 
67% and 22% of their intramodal effects, respectively). 

Anchor-effectiveness is thus seen to be influenced both by anchor-mag- 
nitude and anchor-modality. For anchors close to the series-magnitudes, 
heteromodal anchors are equivalent to intermodal anchors. With ancho 4 
magnitudes further removed from the series, however, there is a loss i 
anchor-effectiveness which is greater for auditory than for visual hetero- 
modal anchors. 


EXPERIMENT V: ANCHOR-EFFECTS WITH MIXED AUDIO-VISUAL SERIES 


The aim of the final series of experiments was to determine the effects 
of anchors of a single modality on a mixed audio-visual series. 
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Subjects. The Ss were 40 undergraduate students of psychology; 22 men and 18 


women. 


with two groups; auditory anchors of the same durations were used with the re 
maining two. The procedure was identical with that used in Experiment III, except 
as the inclusion of anchor-stimuli required modification. 

Results. For each S, the median judgment for each duration was deter- 
mined separately for the the trials in each modality, as in Experiment MI. 
The group-means of these median judgments for each anchor-condition 
are represented in Fig. 3, along with the control-data from Experiment m, 
The mixed-design analysis of variance performed on these combined re- 
sults indicates that, of the four main variables, the differences among an- 
chor-durations (Fase = 36:7; © < 0.001), series-durations (Fume = 
653.6, P < 0.001), and series-modalities (F,/s4 = 72-8, P < 0.001) are 
highly reliable, while that between anchor-modalities is not (Fizu = 
1.76). This last effect implies a comparable over-all influence of the visual 
and auditory anchors. 

Examination of Fig. 3 reveals that the anchors of both modalities had a 
greater intramodal than heteromodal effect. In comparison to the modality- 


difference in the judged duration of visual and auditory stimuli, while a 
reduced modality-difference results with auditory anchors. Indeed, the 
20-sec. auditory anchor produced a reversal in the direction of the mo- 
dality-difference. This differential effect of anchor-modality on intramodal 
and heteromodal durations is confirmed by the significant series modality- 
anchor modality interaction (Frys, = 38-9, P < 0.001). 

Finally, the intramodal vs. heteromodal anchor effects described are 
asymmetrical, i.e. the differential effect of anchor-modality is greater for 
those series-inputs closest to the anchor, as established by the significant 
series-modality X anchor-modality X series-duration interaction (Fims = 
3.17, P < 0.05). The simple asymmetrical effect of the anchors on the 
judgments of the members of the series found in Experiments II and IV 
are again confirmed in this study; the interaction of series-duration x 
anchor-duration is highly significant (Psa = 21.9, P < 0.001). 


Discussion 


The results presented, when viewed as a whole, are essentially uncom- 
plicated and require little special comment. They confirm and extend 
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earlier findings of anchor-effects for temporal duration. By demonstrating 
that judgments of duration have properties in common with judgments of 
material dimensions, they point up the conceptual nature of all dimensions: 
While anchors of duration longer than the series-stimuli were more effec 
tive than those of shorter duration, this result may simply reflect, in part 
at least, the limited range below the present series in which the anchor 
could be manipulated. 
The demonstration of heteromodal anchor-effects indicates that modality 
is not a limiting factor in the identification of relevant input for pooling. 
It also supports the view that sensory data, so long attributed to the opera: 
tion of peripheral mechanisms, reflect a complex judgmental process, 
largely central in character. Consistent with this interpretation is the fact 
that the anchor-effects in the two modalities studied, vision and hearing, 
were highly similar. The greater effectiveness of intramodal anchors, espe- 
cially the more distant ones, suggests that modality is also a determining 
condition of degree of relevance. The greater effectiveness of visual hetero 
modal anchors suggests that they are subjectively closer to the series than 
their auditory counterparts. Finally, the fact that auditory intervals were 
consistently judged longer than visual intervals of the same duration calls 
attention to the contribution of peripheral variables and indicates that they 
must not be ignored in accounting for psychophysical judgments. 


SUMMARY 


The main purpose of the present study was to investigate intermodal re 
lationships in judgment by comparing the shift of subjective scales for 
duration with intramodal and heteromodal anchors. Five experiments, with 
264 Ss, were conducted, in each of which the method of single stim li 
was used, with a standard series of five arithmetically-spaced intervals of 
1-5 sec. Two modalities, vision and audition, were compared, Anchot- 
durations usually were 10 and 20 sec, 

The results of the series justify the following conclusions: (a) Intra- 
modal anchor-effects are readily elicited, and are similar for both modali- 
ties, vision and audition. (b) Auditory intervals are judged to be about 
20% longer than visual intervals. (c) Heteromodal anchor-effects also ca 
be induced, but differ in magnitude from comparable intramodal effects 


ACCURACY AND CONSISTENCY OF TIME-ESTIMATION 
BY FOUR METHODS OF REPRODUCTION 


By D. G. DOEHRING, Central Institute for the Deaf 


The problem of determining how well an individual can estimate the 
passage of time has been attacked in a number of different ways. The con- 
flicting results obtained from a large number of investigations over the 
past 75 years do not support the notion that individuals make use of a 
stable ‘internal clock’ to judge the passage of time. Rather, the individual's 
performance appears to be sensitive to the exact operations that are used to 
elicit his estimates.1 This suggests there is need to specify more adequately 
the variables that influence these judgments. 

The present study varied in several ways the common procedure for 
judging time; namely, the method of reproduction of empty intervals. 
With this procedure, E presents the standard, an ‘empty’ interval of time 
bounded by instantaneous sounds, and $ is required to reproduce the stand- 
atd by two taps on a response-key. Where a number of trials are given 
with each standard, the precision of judgment is defined in terms of both 
the central tendency and the variability of S's estimates, In the following 
discussion, the central tendency of estimates will be denoted by the term 
accuracy and the variability of estimates will be denoted by the term con- 
sistency. 

When S is asked to reproduce the standard by tapping a telegraph key, 
it can be hypothesized that certain characteristics of the resulting muscular 
responses will influence S's estimate. He cannot reproduce intervals shorter 
than 0.1 sec., since his maximal tapping speed is about 10 per sec. From 
this interval to an interval of about 1 sec., the two taps appear to constitute 
a continuous series of movements. For intervals of about 2 to 4 sec., the 
taps tend to become separate movements, but a certain amount of tension 
may be maintained during the interval between taps. For intervals of 4 sec. 
or longer, there may be unsystematic changes in tension during the period 
between taps. Thus, for intervals ranging from about 0.2 sec. to about 4 
sec., the cues arising from muscular activity may increase the consistency 


F vrs he Na- 

* Received for publication December 18, 1958. Supported by grants from the, 

tional Institute of Neurological Diseases and Blindness (B-243) and the National 

Science Foundation (G-4457). D anar a indebted to Joseph Rosenstein tor 

ance in collecting the data reported in is study. i: 
1 Herbert Woodrow, Time perception, in S. S. Stevens (ed.), Handbook of Experi 

mental Psychology, 1951, 1224-1236. 
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of time-judgments, since $ can pace his performance by maintaining a 
uniform rate of movement or by making use of proprioceptive cues that 
serve to connect the tapping responses. Estimates of intervals of 4 sec. or 
longer should be less consistent, because the bursts of muscular activity 
involved in tapping may be completely separated by extraneous activity. 
Woodrow, using the method of reproduction of empty intervals, obtained 
results that are in accordance with these predictions.* If it is assumed that 
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FIG. 1. METHODS OF TIME-ESTIMATION EMPLOYED 


The stimuli (S) were clicks, and the response (R), the closing of a telegraph key, 
also produced a click. 


a decrease in consistency merely increases the variability of estimates, ac- 
curacy of judgment should be unaffected by changes in the pattern of mus- 
cular responses. h 
METHOD 

Four variations of the method of reproduction were employed in the present ex- 
periment to determine the influence of response-factors on the accuracy and con- 
sistency of time-estimation. Fig. 1 shows the four procedures that were used. 
Method I is the usual method of reproduction, as dissused above, where S estimates 
the duration of the standard by giving two taps on a telegraph key. Methods II, III, 
and IV eliminate some of the cues that might result from overt movements by re- 


2 Woodrow, The reproduction of temporal intervals, J. exp. Psychol., 13, 1930, 
473-499. 
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quiring only one tap for each estimate. With Method II, the standard is presented 
in the usual manner, and S then attempts to complete the second of two consecutive 
equal intervals by adding a third click to the standard. This procedure permits $ 
to maintain a rate of clicks that is imposed by the two clicks of the standard. In 
Method III, S is presented with an interval that is twice the length of the standard, 
and is asked to bisect this interval on subsequent trials. This procedure does not 
provide $ with complete information about the duration of the standard, but does 
give him more information about the accuracy of his estimate, since an incorrect 
response produces a change in both the interval preceding and the interval following 
the response. With Method IV, S is presented with three equally-spaced clicks, which 
constitute two consecutive presentations of the standard, These are followed by a 
fourth click after an interval that is twice the length of the standard. $ is required 
to bisect the interval between the third and the fourth clicks. This method should be 
optimal for time-judgment without the aid of cues produced by movement, since it 
essentially combines the advantages of Methods II and III. r 
Intervals of 0.5, 1, 2, 4, and 8 sec. were chosen as standards for this experiment. 
If cues produced by movement increase the consistency of judgment in the manner 
described above, Method I should produce more consistent judgments than the other 
three methods for the three shortest intervals, and there should be no difference 
between Method I and the other methods for the 4-sec. and 8-sec. intervals. Several 
additional comparisons among methods can be made, If exact information about the 
standard is important for consistency of judgment, Method IV should produce the 


most consistent judgments and Method II should produce the least consistent ed 
ments. If knowledge of results is more important than exact information about 
ce more consistent judgments 


standard, Methods III and IV should tend to produ 
than Methods I and II. Accuracy of the judgments made with these methods may 
depend upon factors which have not yet been specified. A discussion of these factors 
will be reserved for a later section of this paper- 
Subjects. The Ss were eight men, including two 
students, and four college graduates. 
Design. Each of ieee time-intervals was judged by each of the four ae ves 
shown in Fig. 1, making a total of 20 experimental conditions. Each $ ve tas 
10 consecutive trials with each condition. The conditions Wag presented in a cilier- 


ent random order to each S. 


high school students, two college 


x : sans tandard were generated by a 
Apparatus. The auditory pulses which es ce rane Sf an audio-oscilator 


loudspeaker fed from electronic timing circuil r ai 

was led through a Schmitt trigger circuit to two decimal counting gs en oa 
that served as a scale-of-one-hundred frequency-divider. The output cd > Si un 
was fed through either one or three additional decimal go n e A 
generator, whose output was in turn fed in parallel to a loudspeaker 


toom and to one channel of a four-channel polygraph. t of the 
: For the two-click standards used in Methods im fe belag gee a 
P y ing unit, wil A 
emer vides, was f aa pana the four-click standard Sie in 
Method IV, the output of the frequency divider was fed throush es ead 
counting units, with the final pulse of one counting cycle Dees aan by changing 
of the next counting cycle. The interval between pulses coul se of cual that 
the frequency of the audio-oscillator and by changing the nu 
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were pre-set on the counting units. The pulse-generator could also be activated on 
the closing of a response-key. Thus, the standard and S's estimate of the standard 
consisted of time-intervals that were bounded by brief auditory pulses, and a graphic 
record of the pulses was obtained. 

The paper speed of the polygraph was adjusted in such a way that the duration of 
the standard was recorded as a distance of either 12 or 15 mm., thus making the 
precision of measurement about the same for each standard. 

The auditory pulse was heard as a click. Peak amplitude of the click at S’s head 
was 67 db, SPL as measured by a General Radio Sound Level Meter in combination 
with a General Radio Impact-Noise Analyzer. 


Procedure. § was seated in a comfortable chair in a darkened, quiet-room. The 
response-key was attached to a rectangular board that was placed on one arm of the 
chair, depending upon S's preferred hand. E communicated with $ through an inter- 
communication system from the control room in which the apparatus was located. 
S was instructed not to use any form of counting or rhythmical tapping in estimating 
a time-interval. The procedure appropriate to a given method was explained to $ _ 
the first time that the method was used, and this explanation was repeated when- 
ever necessary. Before each series of trials with a given condition, § was given 
practice, which he continued until he thought that his estimate could not be further 
improved. The 20 experimental conditions were presented in 2, 3, or 4 sessions, 
during which he was told to request a rest-period whenever he became bored or 
tired. The interval between trials was varied unsystematically from 1 to 6 sec. When 
Method I was used, $ was allowed to respond whenever he wished after the stand- 
ard had been presented. For Method III and for all intervals of 0.5 sec., a total of 
12 or 13 trials was given, with only the last 10 trials being recorded. 


Treatment of results. All estimates were expressed as a percentage of the stand- 
ard. A mean and SD of 10 judgments under each of the 20 conditions was calculated 
for each S. The distributions of both the means and the SDs were found to be posi- 
tively skewed. For purposes of statistical analysis, therefore, the individual means 
and SDs were converted to logarithms. The primary test for statistical significance 
was the analysis of variance for repeated measurements of the same Ss? Where a 
significant effect was found with this analysis, the differences among individual 
means were further analyzed by the Newman-Keuls sequential-range test.‘ The 5% 
level was accepted as the criterion for significance in all analyses, 


RESULTS 


Consistency. Fig. 2 shows the average SD for each time-interval with 
each method. Every point represents a mean of the unconverted SDs of 
the eight Ss. For Method I, as had been predicted, judgments of the three 
shortest intervals were much more consistent than judgments of the two 
longest intervals. Contrary to the prediction, however, this general relation 
was also found for the other three methods. There were no striking dif- 


A. L. Edwards, Experimental Design in Psychological Research, 1950, 284-297. 
* D. B. Duncan, Multiple range and multiple F-tests, Biometrics, 11, 1955, 1-42. 
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SO OF JUDGMENT 
(PER CENT STANDARD) 


8 


5 


05 l 2 4 8 
DURATION OF STANDARD (SEC) 


Fi. 2. CONSISTENCY OF JUDGMENTS wie ad 
Each point represents the mean of 8 measures of SD, with the measures 
upon the 10 judgments that were made by each of the 8 Ss. The solid line shows the 
results obtained by Woodrow for intervals of 0.4, 0.6, 0.8, 1.0, 1.2, 
1.5, 2.0, 4.0, 6.0, and 10.0 sec. 


\ 
ferences among methods either in the overall magnitude of SDs or in the 
magnitude of SDs as a function of duration of the standard. 

Results of the analysis of variance of the SD of judgments, converted 
to logarithms, are shown in the last two columns of Table I. As might be 
expected from Fig. 2, the effect of duration was highly significant, and 
further analysis by the Newman-Keuls test revealed that judgments of the 
8- and 4-sec. intervals were significantly less consistent than judgments of 
the three shorter intervals, and that judgments of the 8-sec. i were 
significantly less consistent than judgments of the 4-sec. interval. There 


TABLE I 


ANALYSIS oF VARIANCE Usine Ixprvipual MEAN JUDGMENTS 
AND INDIVIDUAL SDs 


Log Mean Log SD 
Source df. Mean square F Mean square F 

Subjects (S 7 1025 845.71 

Methods wD 3 “iti - 913.33 4.42" 
MxS 21 6053 206.43 24.88° 
Durations (D) 4 15527 6.95" 9815.00 

Dx 28 2235 305.04 “a 
MxD 12 3068 1.18 193.33 

MxDxs 84 2595 114.57 

Total 159 


* Significant beyond the 5% level. 
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was also a significant effect of the method, and further analysis showed 
that judgments made by Method III were significantly less consistent than 
judgments made by Method IV. This was the largest difference among 
methods, As might be expected from the similarity of trends among the 
four methods, the interaction of the methods by duration was not signifi- 
cant. 


MEAN JUOGMENT 
(PER CENT STANDARD) 


Fic. 3. ACCURACY OF JUDGMENTS 
Each point represents the mean of 80 judgments, with ten judgments made by each 
of the eight Ss. The solid line shows the results obtained by Woodrow for 
intervals of 0.4, 0.6, 0.8, 1.0, 1.2, 1.5, 2.0, 4.0, 6.0, and 10.0 sec. 


The solid line in Fig. 2 shows the results obtained by Woodrow for 
judgments of 10 intervals ranging from 0.4-10 sec. in duration. Wood- 
row’s Ss exhibited the same decrease in consistency of judgments at 4 sec. 
as did the Ss of the present experiment. The greater over-all consistency 
exhibited by Woodrow's Ss may be attributed to the fact that his SDs 
were based on a total of 100 trials for each $ with each interval. 


Accuracy. Fig. 3 shows the unconverted mean judgments obtained for 
each interval with each method. There appear to be no systematic differ- 
ences among the four methods. Judgments of the three shortest intervals 
tended to approach the duration of the standard. This trend was continued 
for judgments of the 4-sec. interval by Methods II and IV, but judgments 
by Method I considerably overestimated this interval. Within each of the 
four methods, the largest amount of overestimation occurred for judg- 
ments of the 8-sec. interval. 


5 Woodrow, op. cit., 1930, 473-499. Woodrow used a slightly different measure of 
variability. His measures, as shown in Fig. 2, have, therefore, been converted in such 
a way that they conform to the measure of variability that was used in the present 
experiment. 
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Results of the analysis of variance of log mean-judgment are shown in 
the third and fourth columns of Table I. The nonsignificant F-ratio for 
methods indicates that there were no significant differences in over-all level 
of judgment among methods. There was, however, a significant durative 
effect, and a further analysis by the Newman-Keuls test revealed that the 
duration of the 8-sec. standard was significantly overestimated as com- 
pared with each of the other four intervals, The interaction of durations 
by method was not significant, indicating that there were no significant 
differences in trend among the four methods. 

The average accuracy of Woodrow's Ss is shown by the solid line in 
Fig. 1. Their judgments were very similar to the judgments made by the 
eight Ss in the present experiment. 


Discussion 


Consistency. The results of this experiment do not support the hypothesis that 
cues arising from muscular responses tend to increase the consistency of estimates of 
relatively short time-intervals. Judgments of the shorter intervals were found to be 
more consistent than judgments of the longer intervals even where the possibility of 
such cues had been eliminated. The similarity of Woodrow’s results indicates that 
this trend was not peculiar to the Ss that were tested in the present experiment. The 
reason for the sharp decrease in consistency of judgment at about 4 sec. thus re 
mains undisclosed. 4 

Judgments made with Method IV were found to be significantly more consistent 
than judgments made with Method III. This indicates that exact information about 
the standard is important, since the only difference between the two methods was a 


double presentation of the standard prior to bisection for Method IV. It mt 


S i i t 
however, be concluded that exact information about the standard is more 


for consistency than knowledge of results, since Method Ses n San 


factors. The lack of a signifi difference between Meth 
è gnificant difteri z $ onsistent 
that these factors may operate in a similar manner 1 the production of 
estimates. i 
em] 
Accuracy. Variations in the procedure that was used for the a ea sa z 
intervals did not significantly change either the over-all : Taa indicates 
relation between accuracy of judgment and duration of the stancano lar tension do 
that cues arising from continuous movement Or son RESA in the present 
not bias S's estimate of the standard. Once again, the results 0 j " 
experiment are consistent with Woodrow’s results. i 
i been to the 
Relation 10 other investigations. Although little attention has Lew f re- 
f time-judgment by the method © 


Consistency of time-judgments, the accuracy © c 
‘Production has ay studied by many investigators.’ In many cases Loe Se 
appear to confirm Vierordt’s Law, which states that there is a tendency n (a 
estimate the duration of short intervals and to underestimate the duration a 
intervals, Where such results have been obtained, there is an indifference-in 
indifference interval deter- 
1934, 167-188. 


6 
* Woodrow, op. cit, 1951, 1224-1236; The temporal 
mined by the method of mean error, J. exp. Psychol, 17, 
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obviously most accurate at this point, since the average error of estimation is zero. 
The exact location of the indifference-point, however, appears to be a function of 
the range of time-intervals that are used in a given experiment. Furthermore, some 


ing order. The results of this experiment, which had been carefully planned and 
executed, did not confirm Vierordt’s Law, as can be seen in Fig. 3. Woodrow at- 
tributed this unexpected discrepancy to differences among Ss in the way that they 
carried out instructions." The similarity of the results obtained in the present ex- 
periment seems to rule out this explanation. An alternate explanation is suggested 
by the fact that in both experiments the trials with a given interval were presented 


where all estimates would tend to regress toward the middle of the range of time- 


Variation in the method of Programming trials appears to produce a greater 
change in the pattern of estimates than variation of the response required for re- 
production of the standard. It may be concluded that the method used in Woodrow’s 
experiment and in the present experiment provides a ‘true’ measure of the accuracy 
of time-judgment, since it reduces the possibility of adaptative effects, Such a geð- 
eralization is rendered unfeasible by the results of a later experiment by Woodrow, 
where he completely eliminated the possibility of adaptative effects by using a 
different group of Ss for each time-interval With intervals of 0.3, 0.6, 0.7, 1.2, and 


x Woodrow, op. cit., 1951, 1224-1236. 
* Woodrow, op. cit., 1934, 171. 
° Woodrow, op. cit., 1934, 167-188. 
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4.0 sec., the shortest interval was overestimated, the next longest interval constituted 
the indifference-point, and the three longest intervals were i underesti- 
mated. Vierordt’s Law has thus been confirmed for situations which permit the maxi 
mal effect of adaptation and for situations which completely eliminate tbe possibility 
of this effect, but the law does not seem to operate in a situation that is between 


these extremes. 


TABLE II 


ACCURACY AND CONSISTENCY OF JUDGMENTS WHEN DURATION OF THE 
STANDARD WAS VARIED FROM TRIAL TO Triar 


O  ūİ€ĉ 
Duration of standard 
(in sec.) Mean sD 
119.6 19.1 
2 120.3 19.4 
4 110.5 26.6 
6 105.5 23.9 
8 98.8 21.5 
10 98.1 21.8 
12 a 91.1 19.2 


There appears to be no general rule for predicting the course of time- judgments 
with respect to duration of the standard, even when the predictions are restricted to 
judgments that are made by the reproduction of empty intervals. In conclusion, We 
can only state once again that attempts to measure an invariant faculty of time 
judgment should be abandoned in favor of investigations whose purpose is to 


specify the variables which influence these judgments. 


SUMMARY t 


Accuracy and consistency of time-judgment by four methods of = 
duction wuce smudied, with ime iait aa t er eMinee a = 

the four methods was the usual method of reproducing an peit 
taps on a telegraph key. The three remaining methods, among W 


method of stimulus-presentation was varied, required only one resp onse for » 


the reproduction of an interval. It was found that reproduction of a time- 


interval by only one response instead of two did not na ot 
change in either the accuracy or the consistency of ar eee oF by 
four methods, the consistency of judgment decreased significantly pare 
2- to the 4-sec interval and from the 4- to the paciam k Sa te 
to the usual tendency to overestimate short intervals and toimn ona 
long intervals, the 8-sec. interval was significantly overestimated as com- 


ith 
pared with each of the shorter intervals. These EEE apti 


previous results, and it was concluded that time-judgments : ase 
of reproduction are greatly influenced by certain variations of expe’ 
procedure. 


PROFICIENCY IN FINGER-TRACKING AS A FUNCTION 
OF NUMBER OF FINGERS 


By Donatp R. HOFFELD, SIDNEY SEIDENSTEIN, and W, J. BRoGDEN, 
University of Wisconsin 


One dimension of complexity in tracking a target with the fingers is 
represented by the number of fingers involved. The measurement of track- 
ing proficiency for any given level of complexity thus defined requires the 
contribution of measures from all fingers, since the anatomical and other 
characteristics of the individual fingers suggest that there will be differ- 
ences in tracking proficiency between the fingers. Thus the interaction of 
relative proficiency of the individual fingers and level of complexity is the 
general problem. Since proficiency is also a function of the amount of 
Practice, any relations between complexity and proficiency might be ex- 
pected to interact with the level of practice. 

The present paper reports a series of four experiments designed to in- 
vestigate the relation between tracking proficiency and complexity, and to 
determine the relative proficiency of the individual fingers in tasks of dif- 
ferent complexity, over the course of Practice sufficient to provide signifi- 
cant learning. The first two were concerned with tracking in a task of max- 
aaigpeplexity (four fingers simultaneously) and were designed to obtain 
learning curves as a function of the amount and distribution of practice. 
The remaining two experiments dealt respectively with one-finger tracking 
by each of the four fingers and with two-finger tracking of each combina- 
tion of the four fingers. An experiment on three-finger tracking was 
planned but not completed because of the apparent lack of a consistent 
relation between the relative proficiency of each finger and the level of 
complexity. 

METHOD 

Apparatus. The apparatus provides for unidimensional compensatory tracking and 
consists of (1) a generator for the target-course, (2) four cathode ray-oscilloscopes 
(CRO), (3) four finger-tracking controls, (4) four clocks for scoring time-on- 
target, and (5) the necessary power supplies and circuits for coupling the compo- 
nents. The generator of the target-course consists of a metal cam driven by a 1-r.p.m. 
synchronous motor and four cam-followers located at 90° intervals. As the position 
——$—— Oe ee 


* Received for publication May 14, 1959. Supported in part by a grant from the 
National Science Foundation and by the Wisconsin Alumni Research Foundation. 
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T of each follower is changed by the random contour of the cam, the shaft of a po- 
T tentiometer is rotated. This rotation so changes the voltage applied to its associated 
CRO that the position of the target (a horizontal line) is moved up or down on 
the vertical axis. The target-course is the same for each of the four channels, except 
C ‘that the start and end are at different points in the total cycle. Fixed horizontal lines, 
"one 5 mm. above and the other 5 mm. below the horizontal axis, define the on- 
target limits. 
The tracking controls are molded rubber cups into which the first joints of the 
T fingers are inserted. Each one of the four cups has a weighted cable attached to the 
"tip. The cable runs over a pulley that rotates the shaft of a potentiometer. Move- 
ment of the appropriate finger up and down in a vertical plane thus provides a 
voltage change at the CRO to compensate the voltage from the target-course genera- 
tor. The position of the target on the CRO is a display of error, representing the 
difference between the voltages from the target-course generator and the finger 
tracking-control. Thyratron circuits, operated by this voltage-difference, $0 control 
the clutches of the electric clocks that time-on-target is recorded in thousandths of 
a minute when the target is within the limits represented by the fixed horizontal 
lines on the CRO. b 
The arrangement of the display provides maximal compatibility of the stimulus- 
response. The four CROs are controlled by the four fingers from right 
to left, and movement of the control downward brings the target down, $ sat in 3 
comfortable chair that was so adjusted that the a of S x posse © at, as 
i i i i rested on an adjustabl 
horizontal. axis of the display. The right arm s a ka : 
E the control affected the position of the 


target, some horizontal movement of the fingers was unavoidable. 
Before every experimental session for each $, 
play, the scoring limits for the time-on-target i : a 09 
the magnification of the error was calibrated. This latter adjustment i en 
mm. of displacement of the target on the CRO for each millimeter of d ect 
of the tracking control; which is within the range for optim in znd 
Subjects. The Ss (180 in number) were student volunteers. All were 


handed A 
$ 5 f the cam, ie. 1 
Procedure. A trial consisted 0 i ourse-O Í and 
min, In Experiment I, 25 trials were made every session. In Booi E : 
IV, the number of trials was reduced to 10 per ar py 7 
ments, measures of tracking proficiency were obtained -ments I and II, 
approximately 24-hr. intervals between successive sessions. In aa = Tit ceeds 
the task involved performance of the four fingers se ore a single fnger 
Ss in each of these experiments. In Experiment I, the a 


only and there were four groups of 15 Ss each—one group sep pat 


fingers. The task for Experiment IV involved the ape of t x ; 
taneously and there were six groups of 15 Ss each for the Era e E 
The same instructions were given to every 5. His task was to main 


f error-magnification 
UW. F. Battig, E. H. Nagel, and W. J. Brogden, The effects 0. 8, 1955, 
a markersze on bidimensional compensatory tracking, this JOURNAL, 

-594. 
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within the two horizontal lines of each CRO. The clock for each finger recorded 
time-on-target only when the target was within the limits of the two horizontal 
lines. Information was also given S$ about the number of trials and experimental 
sessions to be held. Every $ was given one preliminary trial to ascertain whether he 
understood the instructions. If he did not, further instructions were given. 

Before every trial, E gave S a signal before pressing the switch to start the 1-min. 
course. The course-generator was shut off automatically. During the 30-sec. inter- 
trial interval, E recorded the time-on-target and reset the clocks to zero. There was 
a rest-interval of 2 min. between blocks of five trials. For the experimental ses- 
sions following the first, $ was given information about his level of performance at 
the previous session and, when necessary, was reminded of instructions and procc- 
dure. Every attempt was made to have $ work diligently and at his optimal perfor: 
ance. 


RESULTS 

The data for Experiment I revealed some decrement in performance to- 
ward the end of the 25-trial daily session. This was the reason for chang- 
ing to 10 trials per session in Experiment II. 

An orthogonol polynomial analysis of variance was performed on the 
data of Experiments I and II.? It revealed no significant differences be- 
tween the two experiments, but there were significant differences between 
means for each finger, and significant linear and quadratic components in 
the over-all learning curves.* The mean times-on-target for each day in 
0.001 min. per trial, averaged over all fingers, are presented in Fig. 1. The 
lines connecting the points are the best-fitting polynomial equations for 
each set of data. Comparable data and plots of the fitted equations are 
given also in Fig. 1 for Experiments III and IV. 

As might be expected from an inspection of Fig. 1, an analysis of vari- 
ance comparing the data for Experiments II, III, and IV demonstrates 
significant differences between the means of the three experiments. It also 
shows that the linear and quadratic components of the three learning 
curves differ significantly from one another. The Duncan Range Test 
shows that each mean is significantly different from each other mean.* ‘The 
linear and quadratic terms of the polynomial equations for the learning 
curves (see Fig. 1) for one-finger and four-finger tracking are similar 
and are significantly different from chance. The terms for two-finger track- 
ing are different from the one-finger and four-finger equations and the 


?D. A. Grant, Analysis-of-variance tests in the analysis and co: i f 
Psychol. Bull, 53, 1956, 141-154. The orthogonal polynomial aei of variance 
hi cae pe ae gi polynomial analysis of variance 


* Since the assumption of homogeneity of variance was not satisfied b he d 

: vari ta for 
this we all other analyses, the 1% level of significance is used in lieu of the 59% tevel 
‘or all tests. 

~ R. B. Duncan, A significance test for differences between ranked treatments in an 
analysis of variance, Va. J. Sci. 2, 1951, 171-189. 
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linear, quadratic, and cubic components are significant. Thus, the difer- 
ence in distribution and amount of practice between Experiments I and II 
provides no significant differences in level of proficiency, amount acquired, 
or the form of the learning curve. Complexity is a significant factor, how- 
ever, in that degree of proficiency increases from four-finger to two-finger 
to one-finger tracking. In addition, the form of the learning curves for 
each of these conditions of complexity is different in some degree from 
every other condition. 

The analysis of variance of the data of Experiments II, IM, and IV also 
showed significant differences between fingers and interaction of experi» 


MEAN TIME-ON-TARGET IN I/IOOOTHS OF MIN. 


PROFIENCY 
Fic. 1. THE RELATION BETWE! from Experiments I, 11, Hl, 
The notations for y (En Es, Es, and E,) refer to the daa ee ial, 


and IV, respectively. Mean time-on-target in phan 3 28 
Four-finger tracking is represented by Es and Es; 
a tracking by Es and Es, respectively. 


ments and fingers. There was also 4 significant interaction nied 


for each experiment and fingers. Separate analyses of rig wes ies 
pleted on the data of the three experiments, and equations treo File? 
the learning curve for each of the four fingers fo 
presents the empirical data an res illi 
of the figure ee the effect of complexity upon the aoe z 
tracking by each of the four fingers. In each case, pro 2 pA sage oe 
complexity decreases. The levels vary both as & hipe a A 
and the complexity of the task. Moreover, the form 0 ik aunt 
for a given finger varies as 4 function of complexity. 
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curve appears to be more closely related to level of complexity than to 
finger. This relation is demonstrated more clearly by Fig. 3 in which the 
curves of Fig. 2 have been regrouped by level of complexity. 


The analyses of variance for the three experiments (II, III, and IV), show signifi- 
cant differences between means for each finger. The Duncan Range Test gives the 
following results: for Experiment II, the means for A(582.9) and D(533.8) are 
significantly different from all other means, but B(607.3) and C(617.6) do not 
differ significantly from each other; for Experiment IV, the means for B(884.3) and 


1000} Ye,*907.4 +4.4x-2.9%' kyen, 


MEAN TIME-ON-TARGET IN IZ/IQOQOTHS OF MIN. 


DAILY PRACTICE- SESSIONS 


Fic. 2. THE RELATION BETWEEN COMPLEXITY AND PROFICIENCY 
BY THE DIFFERENT FINGERS 


The notations for y (Es, Es, and E) refer to the data from Experiments II, III, and 
IV, respectively. Mean PE ii is for a single finger per trial, Four fingers were 
used in Ez, one finger in Es pa tn ngers in Ey. 


C(937.9) are significantly different from all other means, but A(898.3) and 
D(901.4) are not significantly different from each other; and for Experiment III, 
each mean is significantly different from every other mean (A = 983.5; B = 970.5; 
C = 988.1; D = 974.9). There is not a high degree of consistency in proficiency 
of fingers as a function of complexity. Finger C is the most proficient in Experiments 
III and IV, but in Experiment II its mean is not significantly different from that of 
B. Finger B shows the lowest degree of proficiency in Experiments II and IV, but in 
Experiment III this position is held by Finger D. 

Although there are no significant differences in the form of the learning curves 
among fingers in Experiment II, the best fitting equations for Fingers A, B, and D 
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are linear, and that for Finger C has in addition a significant cubic component. For 
Experiment IV, the best fitting equations have significant linear, quadratic, and cubic 
components except for Finger A which has only significantly linear and quadratic com- 
ponents. The differences among fingers are not significant. The analysis for Experi- 
ment III shows significant differences among the fingers with significant linear and 
quadratic components for Fingers A, B, and C and only a significant linear component 
for Finger D. 

The analysis of variance of the data for Experiment IV indicates that in addi- 
tion to the results already presented there are significant differences between means 
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Fic. 3. THE RELATIVE PROFICIE 
THREE LEVELS OF CoMPLEXITY 


inati er as a function of the other 
for the combinations of two fingers, n ir a A a anonn differences 


finger involved in two fin, er-tracking. 7 ion of 
in form between A of two fingers Or of single bee mee Aly eS, 
the associated finger. The empirical data and fitted me conte ie AD(863.7) 
combinations are presented in Fig. 4- The means for Fe bat do differ signifi- 
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Fic. 4. THE ACQUISITION OF TWO-FINGER TRACKING IN THE 
Sıx POSSIBLE COMBINATIONS 
The notations for y refer to the combinations of fingers. Mean time-on-target 
is the mean per finger per trial. 
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higher proficiency than any other combinations. Although there are no reliable 
differences in the form of the learning curves, combinations involving Finger D 
appear to produce linear curves. 

The empirical data and fitted curves for single-finger tracking as a function of the 
finger associated in two-finger tracking are presented in Fig. 5. The mean for 
‘Ad(863.8) is significantly different from ‘Ac(915.0) and Ab(916.2) which do not 
differ significantly.’ The mean for Bd (866.7) is significantly different from Br(887.0) 
and Ba(899.3) which do not differ significantly. The mean for C4(952.4) differs 
significantly from Cb(926.3) and Ca(934.9) which do not differ significantly from 


cantly from each other. The only consistent relation appears to be that when dis in 
combination with any other finger, the score for that finger will differ significantly in 
its score for any other combination. In two cases, Ad and Bd, there is minimal pro- 
ficiency, and in one case, Cd, there is maximal proficiency. Only in the case of Finger 
D does combination with other fingers provide significant differences and an appat- 
ently meaningful relation. As degree of separation between fingers increases, pro- 
ficiency increases. There is some evidence for the existence of this relationship for 
the other fingers. Except for Finger C, minimal proficiency occurs at maximal sepa- 
ration of the fingers and in all cases, maximal proficiency occurs for adjacent fingers. 


DIscCUSSION 

Proficiency in tracking is inversely related to complexity 
number of fingers performing simultaneously. Although thiis pe 
experimental results only for one, tw0-, and four-finger tracking, it 1s baa r 
able that three finger tracking will be intermediate between the levels for two 
four fingers. A 

The results clearly establish differential pro ciency 5 
each of the sombinatogd studied. These effects are relatively specific for each com- 
plexity level, except that the third finger (C) shows 

Relative proficiency in the two-finger a shows (200% ee 
performance of individual fingers is examined as in i 
When the associated finger is the little finger (d), each of the fingers diffess f2 
performance from that when it is associated “es 
cases, Fingers A and B, proficiency is minimal an k 
maximal. Since Finger D is presumably the weakest and least erri ee 
results might suggest that Ss either concentrate oP the other finger 
centrate on Finger D to the detriment of Finger ©. 4 
ciency of performance of Finger D varies directly wi ete eae 
the associated fingers. Proficiency is maximal when the saree for this relation- 
gressively with b and with a as associates. There is some a = A adjacent fingers 
ship among all fingers, since maximal proficiency 1$ obana ein separation 
and, with one exception (aC), minimal proficiency oere 
of the fingers. 
SUMMARY 
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* The designation ‘Ab’ is us ed to indicate a score anes from the forefinger ( 
while it is associated in a task with the middle finger (?)- 
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and four-finger tracking was measured in terms of time-on-target during 
the course of five daily practice sessions. Experiments I and II required 
four-finger tracking. They differed only in that the first required 25 trials 
per day, and the second 10. No significant differences were obtained 
either in the form of the learning curves or the level of proficien 
achieved. Experiments III and IV required, respectively, one-finger track- 
ing with each finger in turn, and two-finger tracking with each combina- 
tion of two fingers. 

Measures of proficiency decreased as complexity increased. The acquisi- 
tion curves were curvalinear, but of different form in each experiment. 
Relative proficiency of the individual fingers varied as a function of the 
complexity of the task, but the only consistent relation over all levels of 
complexity was the superiority of the third finger (c). For two-finger 
tracking, the little finger (d) changed the proficiency of the associated 
finger to the greatest extent. For the little finger, the proficiency decreased — 
as the separation of the associated finger increased, There was also evidence ~ 
of this relationship for the other fingers in that maximal proficiency was ob- 
tained for adjacent fingers, and except for one case, minimal proficiency — 
occurred with maximal separation of fingers. 


CUTANEOUS DISCRIMINATION OF ELECTRICAL INTENSITY 


By GLENN R. Hawkes, University of Virginia 


The potentialities of the cutaneous senses for communication have been 
the subject of relatively little research as compared to the amount of work 
on such problems in vision and hearing. One of the aims of the present 
experiment was to provide data which would bear on the use of electrical 
cutaneous stimulation for purposes of communication. Most of the previ- 
ous research which considered the possibility of cutaneous communication 
used mechanical, not electrical, stimulation of the skin. 


Based on investigations of the discriminative limits for intensity, duration, and 
locus of mechanical vibration of the skin, a cutaneous system of communication 


levels of intensity of stimulation, three durations of stimulation, and five loci were 
absolutely identifiable by their Os without error. Combinations of such cues were 


assigned meaning; training of Os 


be used for signaling purposes. : 

Although the system described above was concerned with sensations produced by 
the adequate stimulus, i.e. repetitive movement of the tissue by mechanical means, 
vibratory sensations can easily be elicited by the application of the — 
stimulus, electrical current. Am electrical cutaneous syste of enens : 
ogous to that using mechanical vibration is probably feasible, with the Srna 
advantage that certain dimensions of electrical stimulation might prove to be more 


useful than their mechanical count . 5 . A 
‘An investigation of the size of AI for electrical stimulation ‘re ya i 
perhaps provide information bearing not only opens ‘lation by alternating 
theoretical question: Would a determination of A for psa 
current be a measure of the sensitivity of nerve or 0) receptor? ined sugges 
The punctate distribution of the skin's sensitivity may be ean $ 
tion made by Von Frey that particular kinds of cutancons 


the action of particular kinds of specific neural termi ; be 
view, pressure in hairy regions is su by the nerve-terminations at the y 


cles; pressure-sensations in hairless regions are said to 
Meisner’s corpuscles or Merkel’s disks.* 
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Unfortunately, the neat explanation of the action of the peripheral nervous sys- 
tem by correspondence between sensitive spot and specific neural structure has not 
been confirmed. A few studies have reported high concentrations of encapsulated 
endings coincident with regions of high sensitivity. The preponderance of evidence, 
however, has shown no such ending.’ 

The evidence does not preclude the possibility that end-organs, where they do 
occur, make a contribution to sensation. Further, there remains the possibility that 
nerves, or their terminals, may be maximally sensitive to different kinds of stimu- 
lation. A comparison of AI for adequate and inadequate stimulation may help to 
indicate whether or not end-organ or nerve is responding to alternating current 
applied to the skin, Such a comparison would be facilitated if data were available 
using similar methods of stimulus-presentation for the two kinds of stimuli. 

Comparison with intensitive discriminations involving mechanical vibration of 
the skin is the primary interest of the present discussion, but it is desirable first to 
examine some results in audition, which have certain similarities to cutaneous vibra- 
tion. Auditory Al-values have been determined by two principal methods, the 
*beat’-method, and the method of successive stimuli. 

The ‘beat’-method was introduced by Riesz, who avoided switching transients in 
a study of AI/I for pure tones by using two oscillators at slightly different fre- 
quencies to produce beats.’ The differences in stimulus-intensity when beats 
just appeared or disappeared were used to measure AI, the smallest values being 
recorded with a beating rate of 3 per sec. (a rate of variation found optimal for the 
detection of beats in cutaneous mechanical vibration®). The stimulus-frequency, in 
the range of 200-1000 ~, was less important than the intensitive level of the 
standard in determining the size of AI/I, the Weber-fraction varying from about 
1.24 to 0.15. He found that AI/I was larger at weak intensities of the standard 
than at stronger levels. 

The method of successive stimuli was used by Dimmick and Olson’ to deter- 
mine the values of AI/I for pure tones, A short tone was presented to O, and, 
after a silent interval of 0.5 sec., a second tone to be compared in loudness with 
the first. Over the range of 256-1000 ~, AI/I was reported to vary from 2.63 to 
0.91. The value of AI/I was reported to be larger at weaker levels of the standard 
when this method was used, as in the research reported above. 

The necessity of avoiding transients led one investigator of AI/I for mechanical 
cutaneous vibration, Sherrick,” to the use of Riesz’ beat-method. As in audition, 
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the lowest values were recorded with a rate of variation of 2-3 per sec. Sherrick’s 
results show no significant change due to frequency of stimulation, over a range 
of 250-1100 ~. His values for AI/I, for vibration of the finger tip, were about 
0.50 near the RL, and decreasing to 0.25 to 0.33 at higher intensities of stimulation. 
The relatively “large values of AI/I, compared to previous reports, are interpreted 
by Sherrick as reflecting more exact measures of sensitivity due to the absence of 
switching transients.” 

The high values for AI/I obtained by Sherrick might have been due to atten- 
tional factors, Os’ perhaps experiencing greater difficulty in attending to the stimu- 
lus than with more traditional methods of stimulus-presentation. If, however, this 
were the case, then Riesz’ beat-method should have yielded values for auditory AI 
larger than those obtained by Dimmick and Olson with the method of successive 
stimuli; the reverse was true. A 

The method of successive stimuli was used to determine Al/I for mechanical cu- 
taneous vibration by Schiller? Two stimuli of 0:75-s66s duration, separated by a 
pause of 0.24 sec., were presented to the Os. The values of AI/I reported for a 
range of stimulus-frequencies from 100-800 ~ were between 0.11 and 0.14. 

The determinations of AI/I which have been reviewed indicate that — 
discrimination improves as the intensity of the standard becomes ees 
use of different methods of stimulus-presentation, however, considerable differences 
in AI/I have been found both for audition and mechanical cutan aa 
Using the method of beats, Riesz found smaller values for auditory pers 
Dimmick and Olson, who used the method of successive stimuli; pee ay 
rick’s values for vibratory AI/I with the beat-method are larger than fa E 
Schiller, who used the method of successive stimuli. An explanation os iat 
ferences might be better made if one used both methods within a sins 


ment, on the same group of Os. 

The data reviewed above may } 
the inadequate stimulus, an electrical current, 1$ used. 
tensity of tactual sensations aroused by alternati 
has been reported by Schibel."* Naive Os, stimulated on the 
AI/I of 0.02 to 0.03 at 23.6 ~, and 0.0% fot 
of 115% of the current at RL. Reports of pain, f 
other interfering sensations (such as those from mus aa 
determination of AI/I at higher intensitive Jevels of the standar urrent applied to the 

Anderson and Munson” determined AII for ee ee determined on two 
forearm. At frequencies of 100, 500, and 5000 ~ a ed by a 1-8ec- 
Os by the ‘ABX' method; stimuli had a able 


pause. The average intensitive DL found wi d did not change with 
0.05 at a standard intensity of 562% of the currents e 
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frequency. Intensitive discrimination was not reported for other intensive levels of 
the standard. These values were based on not one sensation, but on (a) a burning 
feeling near the surface of the skin, and (b) a deeper throbbing or pulsating pres- 
sure, Care was taken in the present work to determine values of AI/I for only a 
single kind of sensation, i.e. vibration. 

The beat-method and the method of successive stimuli were used to 
determine AI/I in this experiment, for it would be desirable to know the 
limits of differential sensitivity independently of the method of stimu! s- 
presentation. Frequencies of stimulation were selected which would facli- 
tate comparison with available data for both the adequate and the inade- 
quate stimulus; the frequencies selected were 100, 500, and 1500~. The 
reduction in size of AI/I as the intensity of the standard is increased seems 
to be a general characteristic of the results in audition and cutaneous vibra- 
tion, but such data are not available for stimulation of the skin by alter- 
nating current. Standard intensitive levels were selected within the range 
eliciting sensations of vibration, but not pain. 


METHOD 


Apparatus. A block circuit-diagram of the apparatus is shown in Fig. 1. The 
switching amplifier” was designed to turn the signal on and off at rates of onset 
and offset which avoided the production of transients. The variable-inductance 
beat-former permitted the change of amplitude at a regular rate without affecting 
frequency or wave-form. The amplitude change resulted from changes in the im- 
pedance of an 11-Q solenoid as its core was inserted or withdrawn. The core was 
attached to an eccentric cam fastened to the shaft of a variable-speed motor, which 
controlled the rate of movement of the core. A regulated power-supply with an 
output of 117-Ac was used as the source of current for the equipment. The beat- 
former was used only for the determination of AI/I by the beat-method. 

Procedure. Three Os were given preliminary training in the reporting of the 
sensations elicited by stimulation of the finger-tip by alternating current, and were 
also familiarized with the reporting of changes of intensity. The Os were able to 
discriminate fluctuations of intensity most accurately at a variation-rate of 1.5 to 
2.5 per sec.; stimuli were varied in intensity at a rate of 2 per sec. when AI/I was 
determined by the beat method. 

Current was delivered to O at a frequency of 100, 500, or 1500 ~, through an 
electrode 12 mm. in diameter resting on the pad of the index-finger. An electrode 
25 mm. in diameter was in contact with O's palm. Both electrodes were coated 
with Medcraft Electrode Paste. 

Preliminary study of the size of AI/I for intensity of alternating current indi- 
cated that inter-session variability of RL for an individual O and differences of 
RL-values between Os were too great to permit use of the same absolute levels of 
current throughout the experiment. Accordingly, the measurement of AI required 
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measurement of the RL, for each O on each day, and use of standard ictensitive 
levels at values having a constant ratio to the RL. Intensitive levels selected were 
120% and 200% of the current at RL. 

When the beat-method was used, only the lower DL was determined; the beat- 
former provided only decrements from the standard intensities. The Method of 
Limits was used with a stimulus of 4.0-sec, duration. 

The method of successive stimuli involved the same Os and standard intensitive 
levels as indicated above. Frequencies of stimulation were 100 and 1500 ~; 500 ~ 


was to be expected from use of stimulus-frequencies 0 Ae 
addition, the upper DL was similar to the lower DL. The Method of Limits 


i imuli a 2.0-sec. 
used to determine the lower DL with two 2.0-s5%- nie ep pons ot 
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Mean values of AI/I at various intensities and frequencies obtained by 
the method of successive stimuli are plotted in Fig. 3. The Sign-test indi- 
cated that the intensity of the standard had a significant effect on the size 
of AI/I beyond the 2%-level of confidence. It is noteworthy that one 
O (RG) exhibited a somewhat smaller AI/I with use of 1500~ at the 
weaker standard-intensity, and that another O (BF) appears to have a 
similar response at the stronger standard-intensity. Inasmuch as the data 
for any given O do not indicate such a trend consistently for the several 
frequencies and standard-intensities, it may be concluded that frequency 
had a negligible effect on the size of AI/I. Preliminary observations tend 
to confirm this point. 

The mean values found with the method of successive stimuli were not 
notably different from the values found with the ‘beat’-method. Mean AI/I 
at 120% of RL was 0.053; AI/I at 200% of RL was 0.038. In agreement 
with the results of the ‘beat’-method, AI/I values for the same O shown no 
consistent trend to be different for later sessions as opposed to earlier ses- 
sions, or for ascending series as opposed to descending series within any 
one session, or for series in which the variable stimulus was presented as 
the first member of the pair of stimuli vs. the series in which the standard 
stimulus was presented first. 


Discussion 


The most noticeable difference between the results of the present study 
and the results reported in audition and mechanical cutaneous vibration 
was the failure in the present instance to find a difference in the size of 
AI/I with different methods of stimulus-presentation. In the present study 
Os stated that the intensive changes with the ‘beat’-method were difficult 
to perceive, and they reported a higher degree of subjective confidence 
when making judgments of intensitive changes with use of the method 
of successive stimuli. These observations might in part explain the failure 
to find differences due to method in this experiment but it does not re- 
solve the conflict between the apparent superiority of the ‘beat’-method in 
audition and its apparent inferiority in mechanical cutaneous vibration. It 
is not likely that attention would interact with modality in this manner. 

The method of successive stimuli affords apportunity for a ‘time-order’ 
error, in which the second of two physically equal stimuli tends to be 
judged as greater than the first. It is unlikely that a serious time-ordet 
error appeared in the present study, for the variable stimulus was pre- 
sented to O as the first member of the pair of stimuli in half of the series, 
and the standard stimulus was presented first in the remaining series, Time- 
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order error might account for part of the difference between the values of 
AI/I reported in audition with the method of successive stimuli and the 
"beat’-method. The large difference in the values reported, however, makes 
it unlikely that all of the difference could be so explained. A time-order error 
which may have appeared in Schiller's'® data could have made his values 
of AI/I approach more closely those of Sherrick,* but Schiller’s values are 
smaller, and therefore, the differences must be assumed to be due either to 
the use of different methods or to the possible presence of transients in 
Schiller's research. 

A more probable explanation of the lack of differences between the re- 
sults obtained by the two methods in the present study may be that the 
difference in values of AI/I reported by different investigators for mechan- 
ical cutaneous vibration, or for audition, is more apparent than real. These 
investigators used only a single method of stimulation in a given study. 
In the present study, the comparison of the two methods involved the same 
Os, equipment, and calibrations. Under these circumstances, the two 
methods did not produce different results. 

The results of the present study are in agreement with studies of AI/I 
in other modalities in that the size of AI/I was larger at low than at high 
intensities of the standard® The Weber-fraction was found to vary from 
about 0.052 at the weak intensity of the standard to about 0.036 at the 
strong intensity. These data do not agree with the predictions of Weber's 
law, that AI should be a constant proportional value of the standard. It is 
interesting to note that the reports of AI/I reviewed here indicate that 
AI/I is larger for audition than for mechanical cutaneous vibration, and 
that AI/I for electrical stimulation of the skin is smaller than either of the 
former. 

The present values of AI/I are similar to those reported by Anderson 
and Munson even though these authors used a different method of presen- 
tation, i.e. the ‘ABX’ technique, and a much higher intensity of the stand- 
ard.?° Differences could have been anticipated in view of the fact that An- 
derson and Munson produced not only vibratory sensations by stimulating 
the forearm with alternating current, but also ‘burning’ sensations. Larger 
values of AI/I might be expected with stimulation of the forearm than 
with stimulation of the more densely innervated area used in the present 
study, i.e, the finger-tip. The use of a higher standard intensity may thus 
ee be Se ee ee 
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have served to make their AI/I values approximate the present data more 
closely. 

The smaller values of AI/I found by Schibel, compared to those of the 
present experiment, could be due to his use of naive Os, some with sensory 
impairments, the production of more than one kind of sensation in his 
study, or differences in the psychophysical techniques used. Care was taken 
in the present work to avoid the production of switching transients, while 
Schébel’s apparatus may have produced such transients, which would have 
aided intensitive discrimination. 

In the introduction to this paper, the question was posed of whether 
electrical cutaneous stimulation first acts on nerve or receptor. The small 
size of AI/I for electrical stimulation and the narrow sensory dynamic 
range, compared to those reported for adequate stimulation, suggest that 
the two kinds of stimuli act upon different neural mechanisms. This sup- 
position receives support from Stevens’ observations on the growth of 
loudness when current is applied directly to the auditory nerve. Stevens 
states that under these conditions, “The growth of loudness was many 
times steeper under electrical than under acoustical stimulation. The ex- 
ponent of the power function under electrical stimulation . . - was of about 
the same order of magnitude as that observed when a 60-~ current was 
applied to the fingers.” Such a finding suggests that adequate stimulation 
of the skin normally acts first on receptors, while electrical stimulation acts 
directly on cutaneous nerves, as well as on receptors 
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THE EFFECT OF SUBLIMINAL STIMULI ON 
GUESSING-ACCURACY 


By William ScuirF, University of Miami 


The evidence bearing on the behavioral effects of subliminal stimuli has 
been accepted by some psychologists and contested by others.1 Whereas 
conflicting results have been obtained concerning the effects on several 
types of learning,? the evidence bearing on other types of behavior seems 
to point in an affirmative direction.* 

Some recent negative results have cast doubt on the existence of sub- 
liminal phenomena.‘ The results of other investigations may be questioned 
on methodological grounds.® This study was designed, therefore, to test 
the phenomenon and to assess its generality under adequately controlled 
conditions. 

The studies cited which yielded positive results suffer from several 
methodological weaknesses. These are: (a) the lack of separate inde- 
pendent control groups; (b) the use of small select samples of Os which 
make it difficult to generalize to a less sophisticated general population; 
and (c) inadequate determination of thresholds, and differing criteria of 

awareness.’ 

A control group is important in studies of subliminal perception for two 
reasons. First, a control group is more desirable than comparisons against 
mathematical levels of chance. When a control group is used, a deviation 


* Received for publication September 30, 1959. The author is grateful to Dr. 
Benjamin H. Pubols, Jr. for his suggestions and criticisms, and to Dr. Robert B. 
Tallarico and Dr. Carl D. Williams for their aid in obtaining Os for the study. 

1J, A. Vernon and D. H. Badger, Subliminal stimulation in human learning, this 
JOURNAL, 72, 1959, 265-266. 

2P, A. Kolers, Subliminal stimulation in problem-solving, this JOURNAL, 70, 1957, 
437-441; J. G. Miller, The role of motivation in learning without awareness, this 
JOURNAL, 53, 1940, 229-239. 

* Miller, Discrimination without awareness, this JOURNAL, 52, 1939, 562-578; 
L. E. Baker, The influence of subliminal stimuli upon verbal behavior, Zi exp. 
Psychol., 20, 1937, 84-100; R. M. Collier, An experimental study of the effects of 
subliminal stimuli, Psychol. Monogr., 52, 1940 (No. 236), 1-59, A. C. Williams, 
Jr., Perception of subliminal stimuli, J. Psychol., 6, 1938, 187-199. 

í Vernon and Badger, op. cit., 266. 

$W, F. Day, Serial non-randomness in auditory differential thresholds as a func- 
tion of interstimulus interval, this JOURNAL, 69, 1956, 387-394; W. S. Verplanck, 
G. H. Collier, and J. W. Cotton, Non-independence of successive responses in 
measurement of the visual threshold, J. exp. Psychol, 44, 1952, 273-282; L. D. 
Goodfellow, The human element in probability, J: gen. Psychol., 23, 1940, 201-205. 
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from chance may not be attributed to procedural or subjective variables; 
thus the probability of an experimental error is reduced. On the other 
hand, if such variables affect control Os in a direction opposite to that for 
the experimental Os, an empirical control for chance would reduce the 
probability of a Type II error. Secondly, a separate control group takes 
account of such perceptual or response sets as might develop in an initial 
testing session and be carried into a second session. The need for a sepa- 
rate control group is particularly evident in view of recent evidence for 
non-random distribution of serial responses. 

Whereas the studies of Miller and Williams’ used a control series (al- 
though no separate group was used), other investigations have depended 
entirely on classical chance for purposes of comparison. The more recent 
studies which have used separate control groups, were concerned with the 
more complex process of problem solving, used different procedures, and 
obtained conflicting results.” 

All of the older studies cited have used very small samples (usually four 
to ten) which consisted in most cases of graduate students in psychology. 
In one study, Os were selected on the basis of high scores in initial ses- 
sions.1° Such samples may be adequate in the early stages of investigation 
but should now be expanded. 

The method used in the determination of the 
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information of which he is aware. The use of the ‘accuracy criterion’ en- 
ables an individual to respond verbally at chance levels while ‘seeing’ the 
stimulus but remaining unable to distinguish its differentiating features. 
On the other hand, he may receive sensory information from such stimuli, 
and respond in excess of chance.1* This criterion then, corresponds to the 
accuracy of the discriminative response and is not necessarily related to 
phenomenal awareness, whereas the usual psychophysical criteria define 
‘subliminal’ in a statistical, but not a phenomenal sense. To resolve some 
of these difficulties, the following experiment was performed." 


METHOD 

Observers, Sixty-nine Os (41 men and 28 women) volunteered for the experi- 
ment. Most of the Os were students of introductory psychology with a maximum of 
two courses in psychology. All were students, but since they were enrolled in sum- 
mer courses, the sample was more heterogeneous than the usual population of 
students. Many Os were teachers and adults from other professions and occupations, 
the age-range being 17-53 yr. with a mean of 24 yr. The Os enrolled in courses 
received class credit for participation. 

Apparatus. Five geometric figures (a circle, square, triangle, diamond, and a 
square having a cross within it) were drawn with India ink on white 11 X 14-in. 
cards. The height and width of the figures were 2 in., and the line-thickness 0.05 
in. These drawings were then copied on transparent-base film to produce positive 
35-mm. transparencies on which the figures measured 3/16 in. in height and width. 
A blank slide was prepared for the control series. 

A 35-mm. projector (S.V.E. Model SM-1) with a standard 300-w. lamp was 
fitted with an S.V.E. Speed-i-o-scope shutter. The lamp-voltage was controlled by 
a Variac. The leading edge of the lens of the projector was 17 ft. from a Radiant 
beaded-glass wall-screen. The O’s chair was placed 13 ft. 9 in. at center from the 
screen, and 15 in. to the right of the center of the line of projection. The pro- 
jected image measured 8 7/16 in. in height and width, and 1⁄4 in. in line-thickness. 
The center of the image was 5 ft. from the floor. 

The projection-room measured 31 X 18 ft. and was illuminated by a single 
shielded 100-w. bulb situated in a ceiling fixture 6 ft. behind the projector. The 
brightness of the screen as measured with a Macbeth Illuminometer 12 in. from the 
screen is shown in Table I. 

Procedure. The Os were randomly assigned to experimental and control condi- 
tions by F's flipping a coin before O entered the room. They were individually 
tested at night to insure fairly constant illumination. The Os were seated and given 
the following instructions. 


2P, O. Bricker and A. Chapanis, Do incorrectly perceived tachistoscopic stimuli 
convey some information?, Psychol. Rev., 60, 1953, 181-188. 

13 The criterion of ‘absolute onset’ of awareness, as used by Baker, Miller, and 
Williams, was the criterion used by the author, with additional verbal checks and 
a safety margin of 2 v. ‘Subliminal’ was, therefore, operationally defined as a point 
below the lowest of 16 threshold measures, in which the O reported when he was 
first aware of any part of the stimulus-figure. 
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We are trying to determine whether the accuracy of can be influenced by 
showing the guesser what it is he is ing—at levels of illumination so low he 


so 

is not aware of the stimulus, In this case the stimuli will be some projected geo- 
metric figures, and you will be guessing which one is being shown. First, I would 
like to determine at what point you become aware of these figures. I will show 
them to you first at high illumination, then reduce the illumination so that you 
cannot see the figure. Then I will gradually increase the illumination—each time 
snapping the shutter twice. As soon as you become aware of the figure or any 
portion of it, please say ‘OK. We shall repeat the procedure several times. 


The Variac was first set at 60 v. and the figure shown twice in rapid succession 
at 0.01 sec. The figure was named (e.g. “this is the circle”), the Variac was reset 
at 20 v., and 1-v. increments made at 3-sec. intervals (per pair) up to threshold. 
Three such measurements were made for each figure. The Os were then i 
as follows: 
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TABLE I 
ILLUMINATION AND CORRESPONDING SCREEN BRIGHTNESS 


Illumination (v.) ” 4 = 2 5 6 {3.0 


0 20 
Brightness (ft.-C.) 1.5 1.6 1.9 


i . . of la. 
twice, guess which of the five figures 1s being shown. Should you be aware 
ping on fhe screen other than a an neha light, piee oi. me right away. Only 
if the guess is a pure guess is it valid. Simply comes 
mind after the shutter has been snapped. Remember, the five figures are the circle, 
square, diamond, triangle, and window. oe 
The Variac was set 2 v. below the lowest measured threshold for each O, k 
verbal warning was given each time before the pair of exposures was mac 


: experimental 
interval between each pair of 0.01-sec. expost was about 10 sec. TI 
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other 69 Os reported any awareness of the figures, even after extensive 
questioning. Members of Group C reported no difference for the terminal 
comparison-series, except that a few reported that the last five slides 
seemed brighter. Many Os in both groups commented that they could not 
see anything during the guessing-sequence, and were instructed by E to 
continue guessing. 

Distribution of guesses. To provide comparable results for the unequal 
groups (37 Os in Group E and 32 Os in Group C), the frequencies of 
guesses were converted to proportions, which are shown in Table II. These 
figures indicate an approximately even distribution of guesses, although 
the square was guessed somewhat more frequently by both groups. When 


TABLE II 
ANALYSIS OF DISTRIBUTION OF TOTAL GUESSES AND CORRECT GUESSES 
\ Proportion of all Guesses Proportion correct Each Figure 
Figure 
Group E Group C Group E Group C 
Cc "20 "20 30 18 
S 26 125. .28 18 
ap 19 18 21 15 
D 17 17 36 19 
WwW 18 .20 35 19 


the results for all the figures were combined, the number of experimental 
Os scoring above classical chance (five correct) as compared to the cor- 
responding number of control Os, was significant in the predicted direc- 
tion, with x? = 15.00 (d.f. = 1, P < 0.001) 

Mean differences. When the number of correct guesses for each O was 
treated as a raw score, an approximately normal distribution resulted. The 
mean for Group E was 7.49, with an SD of 2.51. The mean for Group C 
was 4.69, with an SD of 2.05. The resulting CR was 4.99 (P < 0.00001). 
Replacing the obtained mean of Group C with the mean expected accord- 
ing to classical chance did not appreciably alter the results. 

Runs. The Os of Group C tended to guess quite often in runs of two, 
three, or more identical guesses. The choice of figure was not consistent 
between groups as shown in Table II. To test the significance of this ob- 
servation, which might bear on the explanation of the subliminal effect, 
a run-score was computed for each O. This score was taken as the sum of 
all guesses which were part of two or more repeated guesses. The means 


a The size of samples was conservatively equated by adding the difference to the 
‘above-chance’ category of the control group. 
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were 6.73 for Group C, and 3.77 for Group E. The obtained CR of 3.77 
permits rejection of the null hypothesis at the 1/10% level. 


DISCUSSION 


Accuracy of guessing. The results of this investigation give strong sup- 
port to the hypothesis that visual stimuli may influence the verbal be- 
havior of Os who are unaware of any sensory images or information. The 
modest but rather consistent superiority of Group E suggests that such 
subliminal sensory information can be used by Os. 

The results support the findings of Baker, Collier, Kolers, Miller and 
Williams,15 under conditions which control for response-bias and other 
possible vitiating factors by the use of a separate control group. The gen- 
erality of the phenomenon was extended by the use of a larger and more 
heterogeneous sample. The results, however, are contrary to those reported 
by Vernon and Badger.® This discrepancy may have resulted from differ- 
ences in the mode of presentation of the stimuli, or differences in the com- 
plexity of the responses. It is more likely, however, that the lack of agree- 
ment is due to the factor of attention, since Vernon and Badger's Os ap- 
parently were not attending to the exact location of the projected stimuli. 
Furthermore, those Os apparently did not even know such stimuli were 
being projected, and hence were not ‘looking for’ the stimuli. Although 
Miller’s Os did not know there were physical images being projected on 


the mirror at which they were staring, they were looking at the po of 
projection supposedly for purposes of ESP. In most of the other studies 
cited, the Os knew they were looking at subliminal images. 


indi i nce 
Patterns of guesses. The patterns of guesses indicated that in the abse 


of subliminal sensory information Os tended to guess in runs. Such per- 


severative behavior apparently was determined by idiosyncratic factors, al- 


though the square may have been favored by both groups because of its 


similarity to the window, its familiarity, or the fact that the T ag mi 
was rectangular, conforming to the shape of the ant ae a cs 
Day’s interpretation of the serial effect was not oe ehe Nn 
was no consistency between groups in the choice of figures 1 p 
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Goodfellow's analysis of guessing responses—indicating a preference for 
alternation, asymetry and avoidance of runs—was supported only by the 


asymmetry of the responses of Group C$ Group E's patterns, however, 
were in accordance with Goodfellow’s findings. 

While perseveration of responses may account for the failure of Group 
C to reach classical chance, it cannot account for the highly significant 
accuracy of Group E above classical chance. The non-independence of the 
responses of Group C confirms the need for an empirical control group 
in studies of serial verbal behavior. 


SUMMARY 


This study was designed to test the effect of subliminal visual stimuli 
on verbal behavior under controlled conditions and with a heterogencous 
group of Os. 

Five geometric figures were tachistoscopically presented to an experi- 
mental group at a speed and illumination below their lowest measured 
absolute threshold. Blank slides were presented to a control group under 
the same conditions. Analysis of the data revealed that the accuracy of the 
experimental group significantly exceeded that of the control group. In 
addition, there was a significantly greater tendency for the control group 
to guess in runs. 


* Goodfellow, op. cit., 202. 


TACTUAL VERNIER-ACUITY 


By P. J. Fovey and E. V. T. Dewis, Defence Research Medical 
Laboratories, Toronto, Canada 


- Knowledge of tactual acuity is limited chiefly to the two-point threshold, 
the minimal perceptible separation between two adjacent stimuli. This 
threshold varies with the part of the body tested, but the tip of the index- 
ger, the most sensitive, shows Minima of from 1 to 2 mm. Tactual 
Yernicr-acuity, the minimal perceptible displacement of one edge with re- 
spect to another continuous edge, had not been investigated. The Present 


Metuop: (1) Apparatus, The main component of the apparatus is a micrometer 
stage for a travelling microscope giving 
0.01 mm., and vernier-readings to 0.001 
“is controlled by the large drum, one complete 
“form to move 0.5 mm. The upper rod or target is 
tod, mounted upon the stage, moves relative to it. . 
_ The targets, cylindrical in shape, were pieces of standard drill-rods of — 
0.125 in., 0.250 in, and 0.500 in, respectively. A 50-mm. length, selected 
"parallelism, was cut from each rod. These lengths were then cut horizontally 
‘through the center, and the diameters of each half at the point of contact and 
‘The measurements for the rods finally selected were 3.162 mm., 6.337 mm., 

12. ively. 

2.675 mm., for each half, repi ARE PORTA 


5 t made 
and 7 mm. Accurate vertical pene it apeks rod nt 


allowing the upper rod to rest upon the gauge. int at which the axes or 
Determination of the point of physic + 
the two target-rods were aligned precisely, bi 
| gtaph of the rods, enlarged eight times, upon i 
‘Match, This procedure was used for each ana h oe 
equality was found to be at a scale setting . $ T A 
Procedure, Three conditions of rod-diameter ie, 3.162 Ta eee eo 
12.675 mm., were combined with five separations between : T 
: the Defence Research Medi- 
* Received for publication November 10, 1959. ponn No. D77-38-50- 
Neat 1 ccived for pobla ira 212, DRML Report No. 212-10, et 
04, H.R. No. 186. 
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7 mm, to give a 3 X 5 factorial design. The resulting 15 combinations were pre- 
sented to each S in three sessions. During each session the effect of the five separa- 
tions for only one rod-diameter was investigated. Twelve consecutive determina- 
tions were made for each of the five separations. The first 2 determinations in each 
case were treated as practice, and the analysis was based on the last 10. The order 
in which the different separations were presented within a session was random. 

Six Ss (all women), who were paid for their services, were used. Each was 
allocated one of the six possible orders of presentation of the three conditions of 
rod-diameter. 

For determination of a single threshold, S was seated before the apparatus which 
was clamped to a table. A screen was so placed between S and the apparatus that 
no visual cues could be used. The lower rod was then displaced by E with respect 
to the upper by at least 1 mm. Displacement was alternately to the right and left. 
The tip of S's left index-finger was placed against the rods, only vertical movement 
of the finger being permitted. $ grasped the drum with the other hand and adjusted 
the relative position of the rods until no displacement could be perceived. No time 
limit was imposed. 

Results. In the treatment of the results a distinction is made between the 
accuracy of S's settings, and the precision of these settings. Accuracy refers 
to the degree to which the point of subjective equality approaches the point 
of physical equality. The index of accuracy is the difference between the 
mean setting and the point of physical equality. Precision refers to the de- 
gree to which each of 10 consecutive settings for a given condition ap- 
proaches the point of subjective equality for that condition. The index of 
precision is the standard deviation. In general, investigators of visual 
vernier-acuity use only an index of precision as the acuity-threshold.t The 
logic here is that high precision implies a capacity to detect very fine dif- 
ferences. This view is meaningful only if one assumes that high precision 
and low accuracy cannot co-exist. The micrometer-stage has a range of dis- 
placement of from 0 to 25 mm. S’s settings were measured in these scale 
units, e.g. a setting of 10.000 would indicate that the lower rod was dis- 
placed 0.300 mm. to the left of the upper rod; a setting of 10.600 would 
indicate a displacement of 0.300 mm. to the right. In the analysis of pre- 
cision the values used are the actual scale-settings. In the analysis of ac- 
curacy, the values used are the differences between the scale-settings and 
10.300. A minus-value indicates that the lower rod is to the left, a plus- 
value that it is to the right. 

Table I details the results of the experiment. In order to assess the 
effects on the precision of tactual vernier-acuity of variations in rod-diam- 


iR, N. Berry, Quantitative relations among vernier, real depth, and stereoscopic 
depth acuities, J. exp. Psychol, 38, 1948, 708-721; The relation of vernier and 
depth-discrimination to width of test rod, jbid., 40, 1950, 520-522. 
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TABLE I 
ACCURACY AND PRECISION OF TACTUAL VERNIER-ACUITY 
(Mean displacement in mm. from point of physical equality and SD about 
point of adjective equality.) 


Separation between rods 
Diameter 0 1 3 s , 
of rod (mm.) ————— ——— — 
M sD M SD M SD u SD “M 3D 
3.162 —0.008 0.024 —0.025 0.039 O.111 0.113 0.367 0.239 0.669 0.516 
6.337 —0.027 0.032 0.023 0.044 0.072 0.083 0.195 0.218 0.282 0.400 
12.675 —0.059 0.038 0.034 0.058 —0.016 0.109 0.072 0.179 0.995 0.56 


eter and separation between rods, an analysis of variance of the log vari- 
ances was carried out. Each value was first coded by multiplying by a factor 
of 10,000 to eliminate negative characteristics. Varying the diameter of 

rods does not affect the precision of tactual vernier-acuity. Varying the 
separation between the rods has however, a marked effect (F = 57.194, 
df. = 4 and 20, P < 0.001). S-differences are, of course, significant (F = 
23.826, df. = 5 and 40, P < 0.001). The interaction of Ss with separations 
is also significant (F = 3.269, df. = 20 and 40, P < 0.01). To investigate 
this effect further, the results for each S$, rod-diameters pooled, were 
plotted and are shown in Fig. 1. It can clearly be seen that for all Ss pre- 
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cision decreases as the separation between target rods increases, The inter- 
action is due to the fact that the Ss vary in the rate at which the decrease 
takes place. This slight variation does not affect the main conclusion that 
the precision of tactual vernier-acuity, expressed as the logarithm of the 
standard deviation, decreases linearly with increases in separation between 
the target-rods at least to a value of 3 mm. Analysis of the accuracy of 
tactual vernier-acuity is complicated by the finding that variance increases 
with separation. Less reliance can be placed on the means for the larger 
separations. To facilitate comparisons, the mean error for each S for cach 
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Fic. 2. ACCURACY OF TACTUAL VERNIER-ACUITY AS A FUNCTION OF THE 
SEPARATION BETWEEN Rops 


(Accuracy is expressed as the deviation (mm.) of the point of subjective 
equality from the point of physical equality.) 


rod-diameter at each separation is shown in Fig. 2. In general, beyond a 
value of 1 mm., increasing separation between target-rods decreases the 
accuracy of setting. This effect, however, is much more marked for some Ss 
than for others. Thus, S shows almost no effect, whereas S, shows a very 
large effect. Generally, however, no difference can be said to exist between 
no separation and a separation of 1 mm. 

The effect of increasing rod-diameter is also dependent upon separation. 
Up to a separation of 1 mm., diameter has no effect, but beyond that value 
there seems to be a trend toward increased accuracy for the larger diam- 
eters as separation increases. The mean curves for the two larger diameters 
show no significant difference from each other. Pooling the results for no 
separation for the three rod-diameters gives a mean error of — 0.031 mm., 
and for 1 mm. separation, — 0.027 mm. 
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Discussion. It is interesting to note that just as visual vernier-acuity is 
more sensitive than visual two-point acuity, so also is tactual vernier-acuity 
more sensitive than tactual two-point acuity. The fact that rod-diameter 
"has no effect on precision is analogous to Berry's finding that rod-width has 
no effect on visual vernier-acuity.? The effect on accuracy, however, is 
“surprising. At small separations, 0 and 1 mm., rod-diameter has no effect. 
Beyond these values the two larger diameters show much less effect of 
Separation than the small rod-diameter. This finding implies that summa- 
tion is a factor in accuracy of setting, but that there is a threshold-value of 
separation below which summation has no effect, and an upper limit beyond 
which increments in rod-diameter do not increase the summation-effect. In 
other words, a gap up to 1 mm. is easy to bridge; beyond that point some 
lateral assistance is required. This assistance, analogous to propelling an 
orange pip by squeezing it, is only useful up to a certain point. It is un- 
fortunate that Berry did not report his Ss’ accuracy of setting. The differ- 
ential effect of rod-diameter on precision and accuracy may also obtain in 

the visual modality. > 
There seems to be a significant trend for the Ss, at the two separations 
where precision and accuracy are greatest, to displace the lower rod to the 
left of the upper one. This can be seen in Fig. 2. This consistency of 
behavior suggests that it is easier to detect discontinuity by moving the 
" finger down into the displaced edge, although, of course, the reverse might 
be the case. ' 
It was thought that the generally consistent differences between Ss might 
be due to differences in finger-tip dimensions, à small tip being less ai 
curate at large separations. Measurement of the width of the eae ae 
against a rod under light pressure, was made for four Ss, wi s : 9.75 
being no longer available. The dimensions were 7.40 mm. for E . : 
mm. for S,, 10.30 mm. for S, and 10.90 mm. for Ss. eee ct 
will show that the differences among the Ss in accuracy cannot 
uted to differences in this dimension. 
termine the threshold for 


i ied out to de 
Summary. An experiment was carte of the test-rods, and the 


~ tactual vernier-acuity as affected by the diameter 
Separation between them. 
The precision of setting is 
but by the separation between 
increases. Under optimal conditions, 


not affected by the diameters of the test-rods, 
the rods. Precision decreases as separation 
je. at zero separation, the value for 
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precision, expressed as the standard deviation about the point of subjective 
equality, is = 0.031 mm. 

The accuracy of setting is affected by the diameters of the test-rods and 
their separations, which interact with each other. The same accuracy is 
found at separations of O and 1.0 mm. for all diameters. Beyond these 
values accuracy decreases more rapidly for the smallest diameter, as separa- 
tion increases, than for the two larger diameters, between which no differ- 
ence in accuracy is noted at any separation. The mean value for accuracy, 
expressed as the difference between the point of physical equality and the 
point of subjective equality, is — 0.031 mm. This value is the average of 
the values for the three rod-diameters at zero separation. The standard 
deviation about this mean is, of course, the associated index of precision, 
= 0.031. 
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THE EFFECT OF AUDITORY STIMULATION UPON THE 
CRITICAL FLICKER FREQUENCY FOR DIFFERENT 
REGIONS OF THE VISIBLE SPECTRUM 


By BARBARA MAIER and WILLIAM BEVAN, Kansas State University, 
and Isaac BEHAR, VA Hospital, Durham, North Carolina 


Despite the appearance from time to time during the past seventy-five 
years of reports on sensory interaction, these relationships have been little 
more than an obscure problem of tangential interest to Western psycholo- 
gists. The term ‘inter-sensory effect’ has been applied to a variety of phe- 
nomena: some related to associative memory, others reflecting the operation 
of attitudinal variables or set, still others that are classed as purely sensory 


events.” 


The ambiguous status of this area is probably attributable to the prevalence of 
conflicting empirical reports’ and to the absence of an adequate conceptual frame- 
work within which to accommodate positive findings, Sensory psychology has been 
marked by a peripheralism, probably the result of a misinterpretation of the doc- 
trine of specific energy of nerves,‘ that, short of an assumption of centrifugal excita- 
tion, renders any consideration of intermodal effects meaningless; but there have 
been changes in the idiom of both psychology and physiology—e.g- Lorente’s prin- 
ciple of reciprocity, Hebb’s concepts of cell assembly and phase-sequence, Werner 
and Wapner’s sensory-tonic theory of perception, Helson's adaptation-level, and 
Magoun’s studies of the reticular activating system—that make a meaningful ap- 
accessible. Still, these can, for the moment, only 


proach to the phenomenon more te 
provide a congenial climate for investigation, None allows confident prediction 0 


the wide variety of specific effects that have been repo = 
they are found—Kravkov's hypothesis concerning the effect of sound on Hes 
acuity constitutes an example’—are formulated, for the most part, Im terms of 


particulars of the test-situation. 
|S Received for publication November 13, 1959. This study was conducted at 


Emory Uni ity. : . . . teta- 
1 Not o with NAA investigators. London, in his review of Ey uy — 
ture (I. D. London, Research on sensory interaction in the a ae e 
Bull, 51, 1954, 531-568), includes over 500 items, most da er 


mat i ‘crimination of form, this JOURNAL 
*H. F. Gi ti sory transfer in the discrimination of form, AL, 
69, 1956, Garo A EAN a G. a hha? T EA] hits 
i imulati on the audito „ J- exp. £ ey 23, , 
ie E Ki ie ae Bee Ie der M csi 
des Auges durch Nebenreize, Arch. „ 12, Don 
: is, R. O. Rouse, and Stanley, Schachter, e e 
eoe ee "dark adaptation and night vision, J. exp. Psychol., 39, 1949, 
CH Si Order, 1952, 10 ff. 
+5. ae CES of visual acuity in one eye under the influence of the 


illumination of the other or of acoustic stimuli, J. exp- Psychol, 17, 1934, 805-812. 
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Among the most intriguing, and also the most disturbing, of the reported inter- 
modal relationships are the ‘pure sensory’ effects. Among these, there is a small but 
interesting literature on the critical flicker frequency (CFF).* Von Shiller, the first 
to describe the influence of heteromodal input upon the CFF, reported facilitation of 
fusion in a number of Ss with the concomitant presentation of consonant tones, but 
enhanced flicker with dissonant combinations, These results he related to a phe- 
nomenal dimension of roughness, assumed to be common to both modalities. More 
recently, Ogilvie also found a higher CFF in the presence of in-phase flutter than 
in the presence of out-of-phase flutter. Continuous noise and stimulus-luminance, 
meanwhile, were found to have no effect on fusion. Kravkov, in contrast, had earlier 
reported the effect of a continuous tone on the CFF—raising it in the fovea and 
lowering it in the periphery—the maximal effect occuring at onset, He had further 
reported on increased CFF with a bright source and a lowered CFF with a weak 
source, Grignolo, Boles-Carenini, and Cerri have, however, claimed increases in 
CFF both for fovea and periphery with auditory stimulation from 2000 to 4000 ~ 
and 55 to 85 db.; Gorrell has reported lowering with a tone in the same frequency 
range, and McCroskey has obtained similar data with continuous noise. Finally, 
Kravkov has described different effects as a function of the color of the stimulus- 
light. Auditory stimulation was found to raise foveal CFF for a source of 630 mp 
but to lower it for a source of 520 mu. This difference he related generally to 
concomitant changes in excitability and excitation-level. 


Heteromodal influences are conceptually obscure phenomena, but clarify- 
ing their significance for the present is less important than is explaining 
the seeming contradictions in the empirical data. Many of the reports are 
fragmentary and leave much to be desired in the matter of methodology. 
Accordingly, the present experiment was designed as a comprehensive 
evaluation of the effect of auditory input upon the CFF when several ap- 
parently important variables are treated parametrically and varied simul- 
taneously. 


Method. (1) Experimental design. The variables chosen for manipulation were 
frequency and intensity of auditory input and color of interrupted light. These were 
incorporated into a 3 X 3 X 3 design. The auditory frequencies were 290, 1050, 


°P. von Shiller, Das optische Verschmelzen in seiner Abhängigkeit von hetero- 
modaler Reizung, Z. Psychol., 125, 1932, 249-264; Die Rauigkiet als intermodaler 
Erscheinung, ibid, 127, 1932, 265-289; J. C. Ogilvie, Effect of auditory flutter on 
the visual critical flicker frequency, Canad. J. Psychol., 10, 1956, 61-68; The inter- 
action of auditory flutter and CFF; The effect of brightness, ibid., 10, 1956, 207- 
210; Kravkov, Action des excitations auditives sur la frequence critique des papil- 
lotements lumineux, Acta Ophthal., 13, 1935, 260-272; Critical frequency of flicker 
and indirect stimuli, C. R. (Dak) Acad. Sci. URSS, 22, 1939, 64-66; A. Grignolo, 
B. Boles-Carenini, and S. Cerri, Researches on the influence of acoustic stimulation 
upon the critical fusion frequency of light stimulation, Rivista Oto-neuro-oftal., 29, 
1954, 56-73; R. B. Gorrell, The effect of extraneous auditory stimulation on critical 
flicker frequency, Unpublished Doctoral dissertation, Clark University, 1953; R. L. Mc- 
Croskey, Jr., A research note on the effect of noise upon flicker fusion frequency, 
USN School of Aviation Medicine, Joint Project Report, 70, 197; Kravkov, Rabota 
organov chuvstv, 1949. 
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and 3900 ~; the loudnesses were 0, 40, and 80 phons; and the dominant wave- 
lengths of the three color-sources were 490.5, 338.0, and 603.7 mp. Three groups 
of 12 Ss each were used, each group being exposed to all combinations of auditory 
stimulation while making judgments for one color of light. An over-all triple 
classification analysis of variance was performed on the data of all 36 Ss, then addi- 
tional analyses were carried out separately on each of the three color-groups. 

Since the Ss were arbitrarily assigned to groups as they appeared for testing, a 
check on group-comparability was obtained by evaluating CFFs for white light 
obtained after the color-series A simple analysis revealed no significant differences 
among group means [F = 3.10, df, (2, 33), P> 0.05}. In addition, comparison 
of the three groups for the colored-light-no-sound condition failed to yield a sig- 
nificant F-ratio [F = 0.12, df. (2, 33), P > 0.05}- 

(2) Subjects. The 36 Ss were college men from 18-28 yr. of age, with no known 
visual or auditory defects. All were requested to refrain from excessive physical 
exercise or the use of any drugs for at least 6 hr, prior to testing. 

(3) Apparatus. Intermittent stimulation was produced by interposing an episco- 
tister between the light-source and S. Constant speeds of rotation were achieved 
with an Eaton Dynamatic motor operated through a Sola voltage-regulator and 
controlled by a 3600° Helipot Potentiometer. A conversion-scale of potentiometer 
readings to exposures-per-second was constructed with the aid of a GRC Type 631- 
BL Strobatic. The light-dark ratio of the disk was 1: 1. A 20-min. warm-up was 
allowed the motor before each day's testing. 

The light-source consisted of two 150-w. Sylvania C7-A filament-lamps housed in 
a diffusion-box and operated at 113 v. to provide a color temperature of 2854°K 
(Illuminant A). (Testing was completed well before any appreciable loss in the 
efficiency of the bulbs occurred.) A metal mask with a single circular aperture 


mounted in the forward end of the box provided a test-patch of 1°. Directly in 


front of the mask were mounted an Eastman Kodak two-log unit neutral-density 
filter. The latter was one of three 


wedge, balancing wedge, and the appropriate color- 

Eastman Kodak Wratten narrow-band filters: 72B, 74, or 75. All were high and 
approximately equal in excitation-purity. Illumination-intensity at the eye was ad- 
justed to 0.25 ft.-candles for all colors. A Bausch and Lomb chin-rest insured the 
proper viewing position for all Ss. A telegraph-key connected to a small lamp at 
E's station allowed S to report thresholds. 

Auditory input was provided by means of a Hewlett-Packard Model 200 AB 
Audio-Oscillator, controlled through a Hewlett-Packard Model 350A attenuation 
pad, and delievered to $ through Permaflux PDRIO earphones. A Wichita Elec- 
tronic Switch was used to control rise-time and eliminate clicks. The impedances 
of earphones and oscillator were matched with the aid of a Thordarson T-65594 


transformer. 

(4) Procedure, All CFFs reported in the present study are monocular CFFs for 
the fovea. Each § was seated in the test-room, told to cover his left eye with an 
eye-patch provided him, and then shown how to sit for petra ne nets ts 
operate the signal-key. The transitions from flickering-to-steady ight ra vi 
were demonstrated for him and he was asked to signal whenever he became a 
of such changes. He was next allowed three flickering-to-steady and three steady: 


™ The monochromatic test-sources were matched for brightness. 
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to-flickering practice-trials, The earphones were then fitted to his head, and he was 
told that on certain trials he would hear a tone but that he was to continue reporting 
visual changes regardless of its presence or absence. Opportunity for questions about 
procedure was allowed as a part of a final review of method, and then $ was 
allowed 10 min. of dark-adaptation. Testing began with a signal of three taps on 
the key by S. 

Each $ made judgments on 45 trials. Each trial consisted of one flickering-to- 
steady and one steady-to-flickering determination. The 45 trials represent the total 
of 5 trials each of 9 combinations of loudness and frequency randomized in a dif- 
ferent order of presentation for each of the 12 members of each color group. On 
the trials when tones were presented, auditory-input was continuous for the interval 


TABLE I 
CFF FOR THE SEVERAL COMBINATIONS OF AUDITORY FREQUENCY, LOUDNESS- 
LEVEL, AND DOMINANT WAVE-LENGTH 


Cell-entries are means based on groups of 12 Ss serving under one of the three 
conditions of visual stimulation 


Loudness 
Frequency Wave-length Mean 
0 40 80 

290 605.7 20.01 19.62 19.45 
538.0 20.89 20.82 20.82 20.52 

490.5 20.65 20.89 21.52 

1050 605.7 19.91 19.39 19.41 
538.0 21.14 20.90 20.60 20.49 

490.5 20.72 21.07 21.23 

3900 605.7 19.79 19.64 19.28 
538.0 20.95 20.82 20.84 20.50 

490.5 20.59 21.04 21.55 

Mean 20.52 20.47 20.52 


_between presentation of light and the signaling of change. After the color-trials 
had been run, 5 additional trials were conducted with white light and no sound. 


Results: (1) Data. Table I presents averages for the several conditions 
of judgment, Table II summarizes the over-all analysis of variance, and Fig. 
1 shows the interaction between loudness-level and the color of the test- 
source. An examination of these results yields several impressions: (a) that 
auditory input does exert an influence on CFF; (b) that this effect is rather 
small in magnitude and rather complex, and (c) that, in specific details, 
the present findings do not appear to be consistent with others previously 
reported. 

Although the literature on intersensory effects yields the impression of 
dramatic changes, close examination of the papers on CFF indicates the 
maximal shift reported to be about 10% (McCroskey).* Meanwhile, the 2- 


* McCroskey, op. cit, 197. 
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TABLE I 


SuMMARY OF ANALYSIS OF VARIANCE PERFORMED ON CFF-Data FOR ALL 
CONDITIONS AND ALL Ss 


Source* SS df. MS F P 

Total 9,644.15 3283 
Between Ss 9,352.84 35 267.22 264.57 0l 
Between wave-lengths (blocks) 129.66 2 64.83 .23 NS 
Error (between) 9,223.18 33 279.49 
Within Ss 291.31 288 1.01 
Frequency (columns) n 0.06 2 0.03 0.16 NS 
Loudness (rows) 0.21 2 0.10 0.67 NS 
Frequency loudness 1.06 4 0.26 0.35 NS 
Frequency X wave-leng' 0.38 4 0.10 0.67 NS 
Loudness X wave-length 

color 16.88 4 4.22 28.13 o1 
Frequency X loudness X wave- 

length 143.06 8 17.88 24.16 01 
Error (within) 129.66 264 0.49 
Error, (within) 12.59 66 0.19 
Errors (within) 19.30 66 0.15 
Error, (within) 97.77 132 0.74 


* The various tests of significance (E. F. Lindquist, Design and Analysis of ap 


frequency X wave-length against errori (within), loudness and loudnessX wave- 
FAT pe! (within), loudness frequency and frequency X loudnessX wave-le 
against errors (within), and wave-lengt t error (between). The error (within) 


term was used in obtaining errors (within). 


CFF IN EXPOSURES PER SECOND 
3 


40 
LOUDNESS IN PHONS 


ON OF COLOR OF TEST-SOURCE AND 


As A FUNCTI 
pas Mono ei OF Arm AUDITORY INPUT 
= green, 


(OR= orange-red, B= blue.) 
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4% changes of the present study, while comparable to those found by 
Ogilvie, are clearly less than those reported by Grignolo, et al. and by 
Kravkov.® The complexity of the effect is indicated by the fact that while 
none of the main sources of variance, except individuals, proved significant, 
one of the three first-order interactions and the second-order interaction 
were clearly reliable. The inconsistencies elaborated below are difficult to 
explain. The several previous experiments differ widely in methodological 
particulars, and none represents a comprehensive evaluation of the role 
either of the inter- or the intra-modal variables. They vary, moreover, so 
greatly in completeness of- report, that comparisons only of the most gen- 
eral sort can be made. 

(2) The role of color. As was indicated above, color alone, when equated 
for intensity at the eye, had no effect on the CFF.1° When combined with 
auditory input, it became a significant variable. Fig. 1 indicates that the 
addition of sound resulted in an increase in CFF for the blue source, no 
change for the green source, and a decrease for the orange-red source. 
Allen and Schwartz, meanwhile, have reported increases both with short and 
with long wave-lengths, and Kravkov has claimed a decrease for green and 
an increase with orange-red.1! These differences are, for the moment, un- 
reconcilable. They cannot be attributed either to the frequency or to the 
loudness-level of the sound, for Kravkov worked within the range em- 
ployed in the present experiment on both dimensions. One possible source 
of difference, although Kravkov does not provide the necessary information 
on this point, is in the intensity of the test-light. In the same paper in 
which he describes the color-differences, he reports that sound added to a 
dim green test-source resulted in a decrease in the CFF, while sound added 
to a bright source resulted in an increase, 

(3) The effect of loudness-level on the CFF. Fig. 1 indicates that the 
CFF-by-loudness functions for orange-red and blue are monotonic. This 
impression is supported by appropriately significant between-levels F= 
ratios in the variance-analyses performed on the data for each color group 
(orange-red, F = 21.92, df. (2, 22), P < 0.01; green, F = 2.84, df, (2, 
22), P> 0.05; blue, F = 5.75, df. (2, 22), P< 0.01). This finding 


* Ogilvie, op. cit., J. Psychol., 10, 1956, 207-210; Grignolo, Boles-Carenini, and 
Cerri, op. cit, 56-73; Kravkov, op. cit, C.R. (Dak) Acad. Sci, URSS, 22, 1939, 


64-66. 

1 Selig Hecht and S. Shlaer (Intermittent stimulation by light. V. The relation be- 
tween intensity and critical frequency for different parts of the spectrum, J. se”. 
Physiol., 19, 1936, 965-977) report differences in CFF as a function of wave-length, 
but they used a 19° patch, and there is no indication that they controlled in- 
tensity at the eye. 

uF, Allen and M. Schwartz, The effect of stimulation of the senses of vision, 
hearing, taste, and smell upon the sensitivity of the organs of vision, J. gen. 
Physiol, 24, 1940, 105-121; Kravkov, ibid, 64-66. 
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agrees with Kravkov, who found a change in the CFF as auditory intensity 
was increased from 25 to 95 db., with the important exception that the 
direction of the effects is reversed. 

(4) The effect of auditory frequency on the CFF. Pitch as a main varia- 
ble failed to exert any influence upon the CFF. Nor did it have an effect 
when paired either with color or with loudness-level. When co-varied with 
both, however, it participated in a significant triple interaction (Table Il). 
This outcome would appear to be somewhat at variance with Gorrell who 
reported that a high-frequency tone lowered the achromatic CFF, while a 
low tone had no effect. At variance with both, is Grignolo’s claim that 
tones from 2000 to 4000 ~ raised achromatic CFF. 

It is presently extremely difficult to comment on the current results in 
physiological terms. While certain findings—such as differences related to 
strong and weak magnitudes either of primary or of auxiliary stimuli and 
differences associated with foveal and peripheral CFF, may be discussed, at 
least generally, in terms of the mechanisms of neuronanatomical conver- 
gence," this approach does not readily accommodate the data on the role of 
color or allow one to anticipate the nature of the color-by-loudness inter- 
action. Meanwhile, the significant color-by-loudness and color-by-loudness- 
by-pitch interactions may have interesting implications for Steven's di- 
chotomy of prothetic and metathetic sensory dimensions and his assumption 
of fundamentally different underlying mechanisms.”* 


Summary. Thirty-six Ss were employed in a 3 x3 x 3 design to study 
the influence of auditory input upon monocular, foveal CFF for lights of 
different color. Three groups of 12 Ss each were tested with one of three 
dominant wave-lengths. 490.5, 538.0, and 605.7 Mp. Each group experi- 
enced all combinations of three loudness-levels (0, 40, and 80 phons) and 
three frequencies (290, 1050, and 3900 ~). The method of righ used, 
with threshold approached from both directions. ‘An analysis of variance 
revealed complex intersenory relationships. Nat eee a 


orange-red, the CFF decreased with an increase in ? 
ee! effected; and when it was blue, the CFF in- 


ed the CFF only when acting in combination 
ess-level. Comparisons were made between 


was green, no change was 
creased. Frequency influenc 
with test-source color and loudn 
these results and earlier findings. 
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E le, J. D. Harris, Some relations between vision 
Pani espt of the locus of interaction Peal many pf 
> Grign , (op. city 56-73) suggest cen ifuge 
Pris Grignolo, #4 t P ausible explanation, R. Granit (Receptors and Sensory 
Perception, 1955, 104-110) presen 
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THE UNIQUENESS OF PATTERNS OF SKIN-CONDUCTANCE 
By J. W. KLING and HAROLD ScHLosBERG, Brown University 


Skin-conductance has long been recognized as a useful index of the level 
of general tension or activation. Conductance-levels are high when $ is 
alert, interested, or anxious; and they fall as $ becomes drowsy, or adapts to 
the situation, or become bored. Superimposed on the level of conductance 
are the relatively transient changes (GSR). It is important to distinguish be- 
tween these two indices: the GSR is part of S's response to stimuli of the 
moment, while conductance-level seems to reflect S’s position on a continuum 
from low to high activation.? Indeed, it has recently been suggested that 
conductance-level may prove useful as an objective indicator of motivation.* 

In a typical experiment, a stimulus-object (word, shock, or picture) is 
presented, and the change in skin-resistance or conductance over the next 
few seconds is observed. Then, after a suitable pause to allow the basal 
level of conductance to be approached, a new stimulus is presented. The 
magnitude of the change in conductance is utilized as the datum in most 
studies, but it is possible that the pattern of change would reveal valuable 
additional information. If conductance-readings are taken more or less 
continuously during a session, not only the magnitude of the transient re- 
sponse may be obtained, but the time-course of the approach to the resting 
level of conductance may also be noted. It seems likely that such patterning 
of conductance-readings is related to certain characteristic response-tenden- 
cies of S, and to the extent that this is true one should expect successive runs 
through the same procedure to produce records from a given individual 
which have a greater-than-chance degree of similarity. 

To ascertain the extent to which a given $ showed consistency in reacting 
to a laboratory-situation, a comparison was made of the patterns of skin- 
conductance obtained on two separate occasions. The conductance-values 
were recorded during two 5-min. rest-pauses which were interpolated be- 
tween successive blocks of practice in rotary-pursuit. All Ss were receiving 


* Received for publication October 29, 1959. The pursuit-scores and group con- 
ductance-values were reported in a previous paper (J. W. Kling, J. P. Williams, 
and Harold Schlosberg. Patterns of skin-conductance during rotary-pursuit, Percept. 
Mot. Skills, 9, 1959, 303-312). This was one of a series of studies supported in 
part by Thomas Lipton, Inc. We wish to thank Joanna P. Williams who gathered 
the first conductance-scores. 

4 Harold Schlosberg, Three dimensions of emotion, Psychol. Rev., 61, 1954, 81- 


88. 
2R. B, Malmo, Anxiety and behavioral arousal, Psychol. Rev., 64, 1957, 276-287. 
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the same treatment during these pauses, and the manner in which they 
responded to the procedure was examined. If the changes in conductance 
were merely the reflections of an experimental procedure, all Ss should show 
approximately the same pattern. If, at the other extreme, the laboratory pro- 
cedure was of little or no importance in determining the pattern of con- 
ductance-changes, there should be no noticeable similarity among the Ss 
receiving the same treatment. If, however, the pattern of change is primarily 
a function of how the procedure influences each S, there should be some 
general patterning, but the within-S similarity should be greater than the 
similarity between Ss. In other words, the pattern obtained from a given $ 
on Rest 1 should be recognizably similar to that obtained on Rest 2; and 
these pairs of patterns should be distinguishable from the patterns obtained 


from other Ss. 


Methods and procedure: (1) Apparatus. Readings of skin-conductance were ob- 
tained from silver-disk electrodes attached to the plantar surface of each foot. The 
disks were 11 in. in diameter, of pure silver, and unchlorided. A non-irritating 
paste of kaolin, glycerin, and Ringer's solution insured adequate contact between 
the skin and the electrode. A sponge cushion backed the electrode, and Scotch tape 
was used to strap the unit to the foot. $ was in series with a l-v. source, a potential 
divider, and a microammeter, Readings thus were obtained directly in pQ, the dis- 
tribution of which appears to be essentially normal? To minimize electrode-polari- 
zation, the circuit was turned off except during readings. Any remaining polariza- 
tion was balanced out by quickly reversing the direction of current-flow during ey 
reading, and recording the average of the m aa of the meter-pointer. Ri 
ings took approximately 2 sec. and were made every 15 sec. s 

2) Subjects Forty-eight women, undergraduate volunt: eers, were reiru 
introductory sections in psychology for an experiment in how we acquire ris 
None had had previous experience in rotary-pursuit which she was pioet A 
blocks of work. All were reassured concerning the attachment of wires to : 
by promising that no shock would p pe ESE not told the purpose 
the electrodes nor the exact nature of the experiment. F 

(3) Procedure. The Ss were assigned at mia aegis ASR i are 
tice. After $ was introduced to the situation, the so! 
and dried, and the electrodes attached. She was then seated upon â ea 
adjusted for proper Hgo E S3 E a See 
footrest which did not touch the electrodes naig. I 
her feet in that position at all times until the adaga aibe aN 
easy-chair was placed next to the stool, and she was tol A TRE 
asked to slide from the stool into the chair for a a KEA oie 
to be kept on the footrest. The easy-chair was utilized in an 
relaxation during the rests. : 

After instructions in how to perform i 


tice-period. The rotor was then stopped, and $ was ins 


„pursuit, S received a 5-min. prac- 
pays tructed to slide into the easy- 


normality of twenty- 


i f the 
3 berg and W. C. Stanley, A simple test 0 35 37. 
ay pe En of electrical skin conductance, Science, 117, 1953. 
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chair. After 41/, min. of rest, E announced that it would soon be time to resume 
work, “so get ready to move when I tell you.” Then the order to move to the stool 
was given, and, after 5 min., the rotor was started and $ was told to resume pursuit 

Following the next block (either 10 or 15 min.) of pursuit-practice, the rotor 
was again turned off and S instructed to return to the easy-chair. The procedure of 
Rest 1 was duplicated as closely as possible. Throughout both periods, conductance- 
readings were obtained at 15-sec. intervals. There were thus 20 readings for each 
rest, the last two in each case coming after a warning, and then a request to move 
back to the stool. 

Results: (1) Pairings by judges. The conductance-scores for the last 
minute of practice, the 5-min. rest, and the first minute of post-rest practice 
were plotted for each S for each rest. Since the three groups differed in the 
conditions of work (ie. degree of massing of practice and length of work- 
blocks), each group of 16 Ss was treated separately. The 16 curves depicting 
the patterns obtained during Rest 1 for a given group were mounted on a 
large sheet. The 16 patterns obtained during Rest 2 were plotted on indi- 
vidual sheets. The task of the judges was to place one of the curves of Rest 2 
with the curve of Rest 1 which seemed to be most similar. To forestall 
preconceived notions of how the curves should be paired, a judge was told 
merely that each of the curves on the large sheet had a related curve in the 
pack he held, and the matching was to be done on the basis of any and all 
cues he could employ. Until they had completed the task, judges were not 
told that these were conductance-curves. 

Fifteen staff members and graduate students served as judges. They worked as 
individuals, and were free to change the pairings until they were satisfied with their 
matching. The materials were then removed, and a new set of 16 pairs of curves 
was presented. The order of presenting the groups of curves to the judges was so 
balanced that any practice-effects were distributed equally among the three groups. 

The task of the judge may be appreciated by covering the axis-labels of Fig. 1 
and noting the degree of similarity of the Rest 2 curves with those of Rest 1. The 
Ss represented in Fig. 1 were selected at random, and are not extreme in the degree 
to which they differ. In general, most judges found a few curves in each group 
which were very difficult to match with the sample (Rest 1) curves, but the major- 
ity of matches seemed fairly easy to make. 


The results of the judgments support the hypothesis that there are ob- 
servable similarities within pairs of curves, but do not indicate what cues 
the judges were using. Judges reported that they based their judgments on 
both the form and the level of the curves. The success of the judges in 
carrying out the matching is indicated in Table I, which summarizes the re- 
sults of this procedure. 

(2) Objective comparisons. The use of blind matching by judges has 
one advantage over objective comparison: The judges may pick up cues that 
would be missed in direct measurements of such complex curves. The 
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S-2 GROUP i'u 


(MICROMHOS) 


S-6 GROUP ISM 


SKIN CONDUCTANCE 


SUCCESSIVE CONDUCTANCE SCORES 


Fic, 1. Two EXAMPLES OF CONDUCTANCE-PATTERNING DURING Rest-PAuses 
The first four points were obtained during the last minute of work. The curves are 
broken to indicate the start and the end of the rest-periods, Arrows indicate the 
warning that the end of the rest-period is appa The last four points show 
conductance during the first minute of post-rest wi Throughout, conductance- 

readings were taken at 15-sec. intervals. 


judges, however, clearly varied in skill, at least partly because of obvious 
differences in interest in the task, and it seemed advisable, therefore, to 
attempt some objective measure of the similarity. 

To eliminate absolute level of conductance, which tended to increase between the 
first and second rest-periods, each curve was adjusted to have a mean conductance 
of 50 uQ. This was done by summing the 20 readings that constituted one record, 
multiplying the reciprocal of the sum by 1,000, and then using the resulting con- 
version-factor to replot the curve. From these adjusted data, a discrepancy-score was 


TABLE I 
MATCHES OF CoNDUCTANCE-CURVES OF Rest 1 AND Rest 2 
Correct matches 


Group 

N Mean Range p of mean* 
10-5 16 7.3 3-12 0.00008 
10-M 16 SA 1-9 0.004 
15-M 16 6.0 1-9 0.0006 


* Estimates of probability of obtaining by chance the mean (or greater) number of 


correct matches, based on Poisson limits. 
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computed for each pair of curves—the sum of the absolute differences between 
paired points. The resulting distribution of 48 discrepancy-scores was then compared 
with a similar distribution of scores for random pairs of records; i.e. each curve for 
Rest 1 was compared with that of a randomly selected $ for Rest 2, and chance- 
difference scores were similarly computed. 


A simple estimate of the reliability of the differences between the two 
sets of scores was obtained with Wilcoxon's test for paired replicates. For 
Group 10-5, the difference was significant at the 2% level, and, for the 
other two groups, at the 1% level. There is a significant tendency for the 
individual to be less variable from rest to rest than might be expected on 
the basis of random variability in patterns of conductance. Not only can 
judges recognize pairs of patterns which belong together because they 
came from the same S$; but when the factor of amplitude is removed and 
mere departure from curve form is utilized for objective comparisons, a 
greater-than-chance consistency in patterning remains. 


Discussion, Measures of skin-conductance at 15-sec. intervals during 
rest-pauses reveal patterns of change which are fairly similar within indi- 
viduals. The degree of correspondence of the two patterns for each per- 
son is not perfect, and there are a few individuals who.produced apparently 
different patterns on the two occasions, yet the similarity within individ- 
uals is striking when the conditions of the experiment are considered. 
Although the salient features of the rests (start, warning of end, and 
command to return to work) were determined by a fixed time-schedule, the 
content of the intervals was casual conversation. Thus, one might anticipate 
that under conditions of exact duplication of procedure, even greater cor- 
respondence among the pattern of conductance might be observed. 

Basically, the patterns seem to be generated by S’s responses to the 
change in procedure (start of rest, end of rest). Although the manner 
in which an S$ responded was, in most cases, highly individualistic, cer- 
tain typical patterns do emerge from an over-all consideration of the 
curves. The most frequently seen form (in 13 of 48 cases) is one which 
falls rapidly from the peak at the start of rest, reaches a low point, and 
starts to rise prior to the occurrence of the warning to return to work, e.g. 
§-2, Fig. 1. Although differing in the amount of change and the point at 
which the low is reached, the Ss used in this study show a pattern that 
suggests a compensatory rise in conductance after the initial period of ‘re- 
laxation.’ It should be stressed that no special signals were provided by 
the experimental procedure at the time this reversal of trend occurred, and, 
to the extent that conductance is a valid index of general tension, the 
scores suggest that these Ss may be responding with increased tension to 
cues produced by their own relaxation. 
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Other patterns easily recognized include the rapid fall, at the start of 
rest, to a low which is maintained until the warning that work is to 
resume (eight cases); and the continual drop throughout the rest until 
the warning (six cases). Finally, there are 10 cases in which the pattern 
during the rest-period is essentially flat until the warning, at which time 
conductance rises. Eleven Ss produced patterns not easily categorized or 
described, yet in most cases the correspondence for each $ from Rest 1 to 
Rest 2 is recognizable. 

If all Ss showing a certain pattern are brought together, there are still 
differences in the range of conductance-values, the point in time at which 
a low value is reached, and the like; but, because of the similarities, the 
matching scores of the judges and the measures of consistency given by the 
discrepancy-scores are actually conservative estimates of the reliability of 
response within Ss. Where judges érred in matching a Rest 2 pattern with 
a Rest 1 pattern, the errors frequently were ‘good’ ones. Some patterns can 
be well matched by a curve from another $ because both show similar 
changes, yet the consistency of both persons involved in the ‘mismatch’ may 
be high. Similarly, the random matching procedure employed in lieu of a 
known distribution of discrepancy-scores sometimes matched two persons 
who had produced similar conductance-patterns. Thus, neither of these 
techniques is completely appropriate to the demonstration of the true de- 
gree of within-Ss consistency, but they were employed since the present 
data were not amenable to the usual correlational techniques. 

The consistency of an individual’s level and pattern of skin-conductance 
suggests several lines of investigation. In the first place, it would be im- 
portant to determine how stable this pattern is under varying experimental 
conditions. Furthermore, it would seem profitable to compare the level 
and form of these curves with other response-characteristics of the Ss, In 
general, the present results suggest that the amplitude and latency of the 
sharp initial rise in conductance (GSR) is no more important than the sub- 
sequent recovery-period in estimating the effect of (and adaptation to) a 
variety of experimental situations. 


Summary. The skin-conductance of 48 women was followed through 
two rest-periods interpolated between sessions of practice on a pursuit- 
rotor, The level and pattern of the individual records showed considerable 
stability for each $; not only did judges have considerable success in pair- 
ing the corresponding records for each rest-period, but quantitative analy- 

er-than-chance similarity within Ss. The 


sis of the patterns also showed bett 
results suggest that conductance-patterns might prove useful in the study 


of individual differences in responsiveness to various situations. 


THE INFLUENCE OF SYNTACTICAL STRUCTURE 
ON LEARNING 


By WiLLIAM EPsTEIN, University of Kansas 


This experiment was designed to study the role of syntactical structure 
in verbal learning. Syntax can be defined as the generalized pattern or 
schema which is imposed upon the reservoir of available words and deter- 
mines the sequences of these words. The fact that verbal messages in or- 
dinary usage are encoded according to a set of grammatical rules may make 
the learning of natural linguistic units very different from the learning of 
a series composed of independent items, e.g. a list of nonsense-syllables. 

Sequential or transitional-probability orderings and syntactical arrange- 
ments must be distinguished at the outset. A sentence usually entails a high 
degree of transitional probability among its components. Nonetheless, a 
sentence cannot be defined simply as a highly probable sequence of words. 
The distinction is clearly expressed by Deese,! and also by Chomsky. Con- 
cerning this point, Chomsky writes: “If we rank the sequences of a given 
length in order of statistical approximation to English, we will find both 
grammatical and ungrammatical sequences scattered throughout the list; 
there appears to be no particular relation between order of approximation 
and grammaticalness.”* 

The ability to produce and to recognize grammatical utterances, there- 
for, is not based on any notions of transitional probability. Nor does the 
experience of syntactical structure depend on semantic meaningfulness or 
familiarity. Grammatical structure can be recognized easily even in an 
arrangement of nonsense-syllables.* It should be possible, therefore, to 
study the influence of syntactical structure independently of meaningful- 
ness, familiarity, or sequential probability. 

Some evidence bearing on this factor is cited by Osgood, one of whose 
students “compared the ease of learning nonsense sequences that retained 
the structure of the English sentences from which they were derived, for 


* Received for publication December 28, 1959. This study was supported by 
Grant M-3600 from the United States Public Health Service. 

1 James Deese, The Psychology of Learning, 2nd ed., 1958, 331. 

? Noam Chomsky, Syntactic Structures, 1957, 17. 

*1 do not mean to imply that the listener or reader must be aware of the gram- 
matical aspects of the message to respond to the information provided by syntax. 
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example, The maff vlems oothly um the glox nerfs, with matched ma- 
terials in which the grammatical cues had been eliminated, for example, 
maff vlem ooth um glox nerf”* The structured series were learned more 
easily than random lists. Further evidence is provided by the present in- 
vestigation in which the learning of structured material and matched, un- 
structured material was compared. 


Materials. Six categories of material were composed, each consisting of two ‘sen- 
tences.’ Category I contains two sentences composed of nonsense-syllables in com- 
bination with two functional words which have no referential meaning, e.g. articles, 
conjunctions, and prepositions. Grammatical tags, such as ed on past tense verbs 
and s on plural nouns, were appended to the syllable-stems to simulate the require- 
ments of English syntax. The result is a series of nonsense-syllables which is readily 
perceived to be grammatically structured, In Category II, these syllable-stems are 
presented again in the same order but without the appended grammatical tags. Cate- 
gory III repeats the material contained in Category I, but the items are arranged in 
random order. As a consequence of the omission of the tags in Category II and the 
randomization of items in Category III, the four sentences comprising these two 
categories are devoid of any discernible syntactical structuring. 

In Category IV, the identity of the original syllable-stems and the order with 
which they are presented in Category I are retained. The only difference between 
the two categories is in the position of the appended grammatical endings. In the 
fourth category, the positions of the tags have been shifted in an effort to induce the 
formation of a competing syntactical pattern, that is, a structure which is not con- 
gruent with customary English usage. 

For purposes of comparison, the remaining two categories consist of meaningful 
words. These words are arranged in an order which is sententially meaningless and 


within which there exists a very low level of transitional probability between neigh- 


boring words. Category V contains two series of words so ordered as to meet the 
demands of syntactical structure. Category VI contains the same words in random, 
unstructured order. 

The sentences were typed separately on 5 X $-in, index cards in a horizontal line, 
as is customary for written material in English. To enhance the grammatical charac- 
ter of the material in Categories I, IV, and V, the first word in each of these sen- 
tences was capitalized and each sentence was closed with a period. In the remaining 
three categories both the capital letter and the period were omitted. The material 
is reproduced in Table I. 

Subjects. Ss were 192 students in an introductory course in psychology. None had 
prior experience with verbal, learning tasks in an experimental situation. The Ss 
were randomly assigned to six equal groups, each group learning the material in one 


of the six categories. 


‘1C. E. Osgood, A behavioristic analysis of perception and language as cognitive 
phenomena, in J. S. Bruner, et al., Contemporary Approaches to Cognition, 1957, 
88. I am indebted to Dr. Osgood for making available an unpublished report of this 


work, by Swanson, which together with his own comments, facilitated the present 
investigation. 
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Procedure. Ss performed the required tasks individually. The following instruc- 
tions were read to each: 


This is an experiment in verbal learning. I am going to show you a series of 
nonsense-syllables (words) for 7 sec. Try to learn all the syllables (words) in the 
series in the order in which they are arranged. Distribute your attention evenly 
among the items so that you can learn all of them. When the 7 sec. are over you will 
be given 30 sec. in which to write down what you remember. If your response is in- 
correct in any way, I will show you the series again. We will repeat this process until 
you reproduce the series perfectly. It will be very helpful to me if you guess or fill 
in dashes where you are not certain of the item. 


After the instructions were concluded, one of the sentences in the assigned cate- 
gory was presented to S for 7 sec. Half the Ss in each group learned Sentence 1 


TABLE I 
CONTENT OF THE SIX CATEGORIES 


Category Sentence 
I o A vapy koobs desaked the citar molently um glox nerfs. 
2) The yigs wur vumly rixing hum in jegest miv. 
If (1) a vap koob desak the citar molent um glox nerf 
(2) the yig wur vum rix hum in jeg miv 
II (1) koobs vapy the um glox citar nerfs a molently 
(2) yigs rixing wur miv hum vumly the in jegest 
IV (1) A vapy koobed desaks the citar molents um glox nerfly. 
(2) The yigly wur vums rixest hum in jeging miv. 
V (1) Cruel tables sang falling circles to empty bitter pencils. 
(2) Lazy paper stumbled to shallow trees loudly from days. 


VI (1) sang tables bitter empty cruel to circles pencils falling 
(2) loudly trees paper from days lazy shallow to stumbled 


first, and the other half learned Sentence 2 first (see Table I). Immediately after 
the end of this learning period, $ was given 30 sec. in which to reproduce in writing 
all that he could remember of the sentence. The record then was checked, and, if it 
was incorrect in any way, the sentence was presented again for a second 7-sec. trial, 
followed by another test. This procedure was repeated until a perfect reproduction 
was obtained. To be scored as perfect, a reproduction had to include all of the items 
in the correct order. Errors in spelling were overlooked if they did not affect the 
pronunciation of the item. When the criterion was reached with the first sentence, 
the second sentence was presented and learned under the same conditions. 


Results. The main results for the six categories, in terms of mean trials 
to criterion for the pair of sentences, are as follows: I, 5.77 (SD = 
2.39); Il, 7.56 (SD = 3.42) ; III, 8.15 (SD = 3.16); IV, 6.90 (SD = 
2.29) ; V, 3.50 (SD = 1.58) ; VI, 5.94 (SD = 2.25). An analysis of var- 
iance of the results yields an F-ratio of 13.35 with 5 and 186 d.f., which is 
highly significant (p < 0.001). 


| 
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Various comparisons between the categories are possible. Some of the 
more interesting may be noted. If syntactical structure facilitates learning, 
then Category I should require fewer trials than Categories II, III, or IV, 
and Category V should require fewer trials than Category VI. In a more con- 
jectural vein, the interference produced by dissonant structure might be ex- 
pected to make Category IV the most difficult. A comparison of Categories I 
and VI gives an opportunity to assess the strength of the syntactical factor 
relative to meaning and familiarity. I had no specific expectation concerning 
this comparison. 

The q-statistic for comparing individual means in the one-variable case 
was used to determine the significance of these differences. Of the eight 
differences tested, the following four were significant at the 59% level: 
Lvs. II, I vs. III, Lvs. V, and V vs. VI. 

Discussion. The results clearly indicate that syntactical structure facili- 
tates learning. The only comparison which did not show the effect was 
I vs. IV, although the obtained difference of 1.13 trials was in the expected 
direction. Two factors may account for the absence of a significant differ- 
ence here: (1) In both categories, Sentence 1 begins with the same two 
items. (2) The presence of tags in Category IV may have encouraged $ 
to restructure the material into a syntactically congruent unit, thereby im- 
proving performance. The absence of a significant difference between the 
first and sixth categories also is of considerable interest. It suggests that 
the facilitating effects of syntax in Category I compensated for the ad- 
vantages provided by meaning and familiarity in Category VI. 

Several different explanations of the present results are possible. I shall 
simply present them here, with no attempt to evaluate their relative merits. 

(1) On the basis of Osgood’s analysis of language, the facilitation of 
learning in our experiment might be understood as another demonstration 

grations in the grammatical mechanisms 


of the operation of “predictive inte 
that interrelate larger message events.’ The frequency with which gram- 


matical redundancies occur in ordinaty language is believed to result in 
strong predictive integrations in the nervous system that match the struc- 
ture of the language. These integrative systems make encoding and decod- 
ing of congruent messages easier by restricting the number of alternative 
responses and by ordering the probabilities attached to the various alter- 
natives. The role of grammatical redundancies in the determination of 


response-selection and learning, according to Osgood, is demonstrated in 
‘wW. J. Dixon and F. J. Massey, Introduction to Statistical Analysis, 2nd ed., 
1957, 156-159. 
* Osgood, op. cit., 85. 
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Taylor's work using the ‘cloze’ procedure and also in Miller and Self- 
ridge’s work on contextual constraint." 

(2) An interesting alternative can be derived from Miller’s analysis of 
the immediate-memory span.* Miller suggests that the size of the immedi- 
ate-memory span is not determined by the amount of information per 
item in the testing material, e.g. words or numerals, but that people re- 
member a constant number of ‘chunks’ of information irrespective of the 
amount of information in each. The learning of new material proceeds 
on the basis of the formation of chunks or the reorganization of the ma- 
terial into a small enough number of chunks, a process called recoding. 
When we can recode a sentence into that number of chunks which corre- 
sponds with the size of the immediate-memory span, we can recall the 
entire sentence. Material which is not syntactically structured may be harder 
to learn than structured material because the latter is already organized 
whereas the former can be organized into more efficient chunks only 
through the intentional efforts of the learner. There are surprising simi- 
larities between this explanation and one which could be derived from 
Kohler’s view of the role of organization in learning.® 

(3) Another possibility, not entirely unrelated to the preceding view- 
point, is that messages cast in syntactical form are learned more easily be- 
cause different strategies of learning are employed for organized and un- 
organized material. When S is confronted with a random sequence of 
items, he may be led to distribute his attention unevenly and unsystemati- 
cally among the items. Conversely, the presence of patterning may encour- 
age a more systematic approach leading to more rapid learning. Some in- 
direct evidence for the existence of different strategies can be derived from 
a recent investigation by Deese and Kaufman of serial effects in the im- 
mediate free recall of unorganized and sequentially organized verbal ma- 
terial.° The authors report that the order of recall for randomly arranged 
words correlated with the frequency with which the individual words 
were recalled. For organized textual material, however, the order of recall 
was correlated with the order of presentation of items in the list. In other 
words, textual passages were recalled roughly in their order of presenta- 


* William Taylor, Cloze procedure: A new tool for measuring readability, Journal- 
ism Quart, 30, 1953, 415-433; G. A. Miller and J. A. Selfridge, Verbal context 
and the recall of meaningful material, this JouRNAL, 63, 1950, 176-186. 

* Miller, Information theory and memory, Sci. Amer., 195, 1956, 42-46; Miller, 
The magical number seven; Plus or minus two: Some limits on our capacity for 
processing information, Psychol. Rev., 63, 1956, 81-97. 

® Wolfgang Köhler, Gestalt Psychology, rev. ed., 1947, 248-278. 

1 James Deese and R. A. Kaufman, Serial effects in recall of unorganized and 
sequentially organized verbal material, J. exp. Psychol., 54, 1957, 180-187. 
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tion while for unorganized material “the items were emitted in a kind of 
primitive order of strength during test of recall."** It seems not unlikely 
that this reflects a difference in the way S attempts to learn and recall 
structured and unstructured material. Similar differences in approach may 
account for the present findings.’* 


Summary. An experiment was performed which showed that syntactical 

structure facilitates verbal learning apart from the contributions of mean- 

ingfulness, familiarity, and sequential probability. Possible explanations 

of this effect were discussed. 

* Ibid, 185. Mie 

2 Serial-position curves prepared from our data did not differ in the manner 

be expected from this viewpoint. The items in all the categories were learned 

their order of presentation. 


to 
in 


DISCRIMINATIVE PERFORMANCE OF MONKEYS 
IRRADIATED WITH X-RAYS 


By Rocer T. Davis, University of South Dakota 


Monkeys given ‘whole body radiations’ (WBR) have, according to 
recent reports, a narrower scope of attention than those not irradiated. 
The generality of this finding is tested in the present experiment by a 
procedure that varies the number of objects presented for discrimination. 
Every monkey was given 140 problems, each requiring the discrimination 
of two objects: one rewarded and the other not rewarded with food. After 
10 trials with one pair of stimulus-objects, a new pair was presented for 
the next problem. Three objects, superfluous to the solution of the prob- 
lem, were introduced in Trial 2 and on the following even-numbered trials 
on each problem. If irradiated Ss are less able to deal with extraneous cues, 
they should err relatively more often on even- than on odd-numbered 
trials. 


Method. A pair of stimulus-objects which differed in many dimensions from each 
other, was presented 10 times to S$. One member of the pair, designated ‘A,’ is 
accompanied by a reward (a raisin) when chosen by S, the other, designated by 
‘B,’ is not rewarded. The positions (right and left) of A and B were varied accord- 
ing to a predetermined sequence. Every $ was given 10 trials on each of 5 problems 
a day for 28 days, Seven hundred stimulus-objects (140 pairs of A- and B- objects 
and 420 neutral (N) objects) were required for this study, as an A- and B- object 
and three neutral (N) objects, five in all, were required for a single problem. On 
the odd-numbered trials, the A- and B- objects alone were presented; on the even- 
numbered trials, the three N- objects were added. 

Thirteen rhesus monkeys were used in this investigation. Seven had previously 
received 1100 r WBR with X-rays in three doses, spaced a year apart. The remain- 
ing six Ss had not been irradiated and served as a control group. All the Ss had had 
extensive experience with problems requiring the discrimination of objects. More 


* Received for publication November 7, 1958. This investigation was supported 
in part by Grant M-530 (C-5) from the National Institutes of Health. 

*A, A. McDowell, Comparisons of distractibility in irradiated and nonirradiated 
monkeys, J. genet. Psychol, 93, 1958, 63-72; J. E. Overall and W. L. Brown, 
Narrowing of attention as a chronic effect of sublethal radiation. USAF School of 
Aviation Medicine Report No. 27, 1958. 

3R. T. Davis, A. A. McDowell, C. W. Deter, and J. P. Steele, Performance of 
rhesus monkeys on selected laboratory tasks presented before and after a large single 
dose of whole-body X-radiation, J. comp. physiol. Psychol., 49, 1956, 20-26; 
N. W. Heimstra, R. T. Davis, and J. P. Steele, Effects of various food-deprivation 
schedules on the discrimination learning performance of monkeys irradiated with 
X-ray irradiation, J. Psychol. 44, 1957, 271-281. 
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recently, however, they had been given a serial-learning problem which may have 
interfered to some extent with their ability to discriminate.’ 

Results. The effect of introducing additional unrewarded objects is 
presented graphically in Fig. 1, The left-hand side of the figure shows the 
mean performance within a problem averaged over the first 70 problems, 
that is, for the first 14 days of the experiment. The solid lines represent the 
$s’ performance on the five trials in each problem on which five objects 


PER CENT ERRORS 


MANCE OF MONKEYS IN THE DISCRIMINATION or 
OBJECTS 
The results on Days 1 to 14 and 15 to 28 are averaged trial-by-trial, and are shown 
as a function of prior irradiation and the number of stimulus-objects present on a 
given 


Fic. 1. INTRAPROBLEM PERFOR 


were employed. The dotted line shows the performance on trials with two 
objects. The filled circles and squares represent performance of the Ss in 
the experimental irradiated group and the open figures the performance of 


the control group. 
An S's performance on Trial 1 is determined by its chance selection of 


the A- or B-object and in the long run its selection approximates chance 
performance. This trial is not represented in the figure. The addition of 
three more objects on the second trial causes Ss to err, i.e. choose an object 
other than A, on 66.7% of the problems. On the third trial Ss are again 


given the two objects and make 25.79% errors. 
The right-hand side of the figure shows S's performance, on an average 


3R. S. Massar and R. T. Davis, The formation of a temporal sequence learning 
set, J. comp. physiol. Psychol., 53, 1959, 225-227. 
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problem, during the second 14-day period of the experiment. Between the 
first and second halves of the experiment all Ss show improvement in per- 
formance (p < 0.01 using the sign-test). The Ss in the control group im- 
prove most strikingly on the trials containing five stimuli, and on these 
trials their performance is significantly better than that of the irradiated 
Ss.4 

The conspicuous difference in level of performance between trials em- 
ploying two and five objects led the writer to suspect that two different 
processes were operating. The rank-order coefficient of correlation between 
Ss’ total scores on trials with two and five objects was, however, 0.967. 

The data were reanalyzed and sorted according to six categories of 
response to determine if Ss in the two groups made the same kind of er- 
tors, i.e. were equally disposed to select the B-object and one of the N- 
objects. Two categories, designated ‘+’ and '—, were determined by the 
reward or nonreward respectively of Ss’ preferences on Trial 1, Both of 
these categories were divided into three subcategories, each of which per- 
tained to the relative frequency that S selected a particular object from the 
five objects present on Trial 2 or subsequent critical trials. These cubcate- 
gories included responses on Trial 2 to: (a) the object designated correct 
(A) by E on Trial 1; (b) the object E designated incorrect (B) on Trial 1; 
and (c) one of the three objects designated neutral (N). The results of this 
analysis indicated that Ss selected +A significantly more often than —A or 
—N and responded significantly more frequently in these categories than 
in the three remaining categories, +N, —B or +B. These relationships 
held for Trial 2 and all subsequent trials and did not change with practice. 
Further analysis of the incorrect responses indicated that experimental and 
control groups make different kinds of incorrect responses and that the size 
of this difference depended on the object selected on the previous trial. 
Fig. 2 shows the percentage of the incorrect responses that were made to 
the B-object in preference to the alternative incorrect objects and relates 
the selection of B-objects to the selection of the A- or B-object on Trial 1 
(righthand side of figure) and on all odd numbered trials, (left-hand side 
of figure). Since this comparison does not involve the A-object, chance is 
25% rather than 20%. The computation of points in this figure involved a 
ratio between the number of times the B-object was selected under each of 
the conditions represented in the abscissa and the number of errors made 
under comparable conditions. 


* The p < 0.05 by the Mann-Whitney rank-test. See S. Siegel, Nonparametric Sta- 
tistics, 1956, 120, 
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The figure indicates that Ss choose the B-object less frequently than one 
of the alternative incorrect N objects, particularly after selecting the B- 
object on an odd-numbered trial. If $ has selected the A-object on an odd- 
numbered trial, it is more likely to select the B-object than one of the N- 


PERCENT SELECTION OF "B" OBJECT 


S ON EvEN-NUMBERED TRIALS THAT ARE THE 
THE ALTERNATIVE NEUTRAL OBJECTS 
al treatment are indicated. 


Fic. 2. FREQUENCY OF ERROR 
B-OBJECT RATHER THAN ONE OF 
Prior success and failure and experiment 


objects and this tendency is especially marked among animals in the con- 


trol group following a single trial. 


Summary. During the last half of the experiment irradiated monkeys 
irradiated animals on trials which 


performed significantly less well than noni 
required $ to choose one out of five objects. There was no significant dif- 
ference in Ss’ scores on trials on which they discriminated between two 


stimuli. If the A-objects is not chosen on trials with five objects, one of the 
alternative objects is chosen in preference to the B-object if the prior trial 
was an error. When Ss in the control group err, they are more likely to select 
the B-object than one of the alternative objects. 


VOCAL CUES TO THE IDENTIFICATION OF LANGUAGE 


ALAN COHEN, Northwestern University, and JOHN A. STARKWEATHER, 
University of California School of Medicine 


For somewhat more than a decade, a small series of studies has sought 
to answer an interesting question about ethnocentric prejudice. This ques- 
tion is whether the prejudiced person, because of a greater need to identify 
those of different racial identity, becomes more sensitive to subtle cues. 
One of the first of these studies stated the possibility this way. “The ques- 
tion of racial identity is of small importance to the person free from 
prejudice, yet it is of considerable importance to the bigot, and for this 
reason, the bigot apparently learns to observe and interpret both facial 
features and expressive behavior so that he can more swiftly spot his 
‘enemy’."* The studies referred to used photographs in order to attack the 
question of the interpretation of facial features. They have produced con- 
flicting results about any special ability of the prejudiced person to better 
use such cues.? In general, the prejudiced subjects placed a minority group 
label on more photographs and tended to score more accurately only if the 
majority of the pictures were of minority group members. 

Our attempt was to attack this same question but with regard to recog- 
nition of a specific type of expressive behavior. There are situations where 
one has clearly heard the words of someone conversing in a foreign lan- 
guage. The words are obvious indications to most listeners of a national 
difference, Could the listener make this identification, however, if he were 
not able to make out the words but only heard some vocal characteristics 
of the conversation? For example, if he were in an adjoining room and 
heard the voices muffled through the wall? 

This, of course, is not a new area of interest. Recall the central part it 
played in one of Edgar Allen Poe's mysteries, The Murders in the Rue 


* Received for phates March 2, 1959. The research was done at the University 
of California, Berkeley. 

K W. Allport and B. M. Kramer, Some roots of prejudice, J. Psychol, 22, 
1946, 17. 

* See, for example, F. H. Lund and W. C. Berg, The identifiability of national 
characteristics, J. soc. Psychol., 24, 1946, 77-83; L. J. Carter, The identification of 
racial membership, J. abnorm. soc. Psychol, 43, 1948, 279-286; Gardner Lindzey 
and Saul Rogolsky, Prejudice and identification of a minority group membership, 
ibid., 45, 1950, 37-53; D. N. Elliot and D. H. Wittenberg, Accuracy of identification 
of Jewish and non-Jewish photographs, jbid., 51, 1955, 339-343. 


90 


VOCAL CUES TO THE IDENTIFICATION OF LANGUAGE 91 


Morgue. In this story, a number of witnesses testified about sounds they 
heard from outside the room where the murders were committed. These 
witnesses, who were of different European nationalities, all described one 
voice as that of a foreigner. Many were very sure it was a particular lan- 
guage from the intonation, but they all described a language which they 
did not themselves understand. They were, however, all in error, since the 
voice was actually that of an orangutan, 

To return to the original question, there may be some to whom the 
identification from voice is particularly important and who have found 
ways to identify language on the basis of vocal cues alone. 


Method. Short recorded samples were prepared of 14 different speakers, talking 
in their native tongues and representing five languages (Chinese, English, German, 
Italian, Spanish). The voice-samples were played in scrambled order to 60 under- 
graduate students (Ss) who worked in small groups. They first chose between 10 


TABLE I 


PERCENTAGE OF CORRECT IDENTIFICATION OF LANGUAGE FROM FILTERED 
AND CLEAR RECORDINGS 


& Filtered Clear 
s 

Non-English English Non-English English 
High Ethnocentric (V=15) 23.6 73.4 67.3 97.7 
Total (W =60) 23.6 66.0 69.2 97.8 


alternatives of favorable or unfavorable adjectives to describe each sample, and then 
during a second playing guessed the language being spoken. The first two presenta- 
tions were filtered through a 600 ~ low-pass filter which removed the verbal speech 
content and left only vocal information in the recordings. The filter and its effects 
on intelligibility have been previously described.? During a third and fourth presenta- 
tion of the voices, the Ss again chose between alternatives of favorable and unfavor- 
able adjectives and again guessed the language being spoken. During these presenta- 
tions the voices were heard normally, clear and unfiltered, Two measures were used 
as estimates of the Ss’ racial prejudice: 20 items from the California Ethnocentrism 
Scale and the difference in number of unfavorable adjectives applied to non-English 


versus English voice samples.* 


Results and discussion. Table I indicates the proportion of correct lan- 
guage-identifications for the two conditions of filtered and clear recordings, 
and for the average of 11 non-English voices and three English voices 


3J. A. Starkweather, The communication-value of content-free speech, this 
JOURNAL, 69, 1956, 121-123; Content-free speech as a source of information about 
the speaker, J. abnorm. soc, Ps chol., 52, 1956, 394-402. 

*T, W. Adorno, Else Fr el-Brunswik, D. J. Levinson, 
Authoritarian Personality, 1950, 102-150. 


and R. N. Sanford, The 
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under the two conditions. English was identified significantly more often 
than non-English samples, both when verbal content was removed by 
filtering and when all the normal cues were present (p < 0.01). Perhaps 
more surprising than the ability to make identifications when using only 
vocal cues is how 4 out of the 60 Ss could miss in the identification of 
English in what were quite clear recordings. The over-all rate of guessing 
English was 26%. 

Twenty percentage would be the chance guessing level if the Ss had 
been given the five languages which were present and asked to choose 
among them. Our judges were engaged in free guessing, however, with- 
out this information, and the true chance-level was therefore lower than 
this to an unknown degree. The results indicate, however, that even the 
vocal cues alone allowed some increase over chance expectation, though it 


TABLE II 


PERCENTAGE OF UNFAVORABLE ÅDJECTIVES USED TO DESCRIBE FILTERED 
AND CLEAR VOICES 


y Filtered Clear 
s 

Non-English English Non-English English 
High Ethnocentric (N =15) 47.4 30.4 38.0 28.6 
Total (N =60) 42.1 28.1 33.7 24.3 


was not impressive for non-English. Because of the large number of 
judgments involved, even the identification of non-English voices was 
statistically above the chance-level (p < 0.05). 

With regard to our original question about prejudice, the results seem 
quite negative. The Ss who obtained high scores on the Ethnocentrism 
Scale (the upper 25% of our group) did not differ from these over-all in 
their ability to identify. The same is true for the Ss who showed the 
greatest differential in the number of unfavorable adjectives which they 
attributed to non-English versus English voices. There is some tendency 
(not significant statistically) for High E Ss to identify filtered English 
more often, The two measures with which we hoped to estimate racial 
prejudice were not related to each other, having a correlation of 0,06. 

The proportion of unfavorable adjectives checked by the Ss is shown 
in Table II for the two conditions. Here again there are differences in both 
filtered and clear conditions between non-English and English voices, with 
more unfavorable adjectives checked about the non-English voice-samples. 
Again the Ss with relatively high ethnocentrism scores produced essentially 
the same data as other judges. 
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We were not successful in showing any special sensitivity of the prej- 
udiced person with respect to this kind of expressive behavior. There are 
many possibilities, of course, as explanation for such a failure without 
necessarily abandoning the original hypothesis. It may be, for example, 
that we have chosen an expressive behavior that is seldom found as a 
natural occurrence. The data indicate, however, that the vocal portion of 
speech carries information which allows some recognition of language. 
For English-speaking listeners it allows a high degree of recognition of 
English versus other languages, 


THE EFFECT OF DANGER UPON THE EXPERIENCE OF TIME 


By Jonas LANGER, SEYMOUR WAPNER, and HEINZ WERNER, ` 
Clark University 


Studies on the interrelationship of space and time have demonstrated 
that when the time-interval between successive flashes of lights is kept con- 
stant while the physical distance between them is varied, the observer's 
experience of elapsed time does not remain constant but varies with the 
physical distance.t A further question may be asked as to whether such 
space-time interrelationship also obtains if the psychological distance is 
changed through variations other than those of physical distance, f 

Werner and Wapner developed a method of obtaining changes in psy- 
chological distance with physical distance held constant. They found that — 
psychological distance changed under conditions of danger; e.g. when $ 
walked toward and stopped short of a precipitous edge, he overestimated 
the distance he travelled, or stated another way, the edge appeared closer. 
The introduction of danger affected psychological distance even though 
physical distance was not changed.? 

The purpose of this study was to determine whether the space-time 
interrelationship obtains when psychological space alone is changed. The — 
presence of danger, known to affect psychological distance, was introduced — 
as the experimental condition. It was thought that changes in psychological 
distance, under conditions of danger, would be paralleled by changes in — 
psychological time. More specifically, it was expected that since distance 
traversed is overestimated under conditions of danger, time elapsed would 
be overestimated under danger. 


Procedure. S's task was to judge a specific time-interval while being moved toward 
and away from a precipitous edge. The apparatus (Fig. 1) consisted of a platform 
on wheels with handrails. It was steered by E from behind, and driven by an electric — 


* Received for publication September 26, 1959. This investigation was supported ja 
in part by PHS Research Grant M-348 from the National Institute of Mental Health g 
of the U. S. Public Health Service. 

* John Cohen, C. E. M. Hansel, and J. D. Sylvester; A new phenomenon in time 
judgment, Nature, 172, 1953, 901-903, Interdependence in judgments of space, 
time, and movement; Acta psychol., 11, 1955, 360-372. For the reverse effect of time _ 
on distance, see Harry Helson and S. M. King, The tau effect. An example of psycho- 
logical relativity, J. exp. Psychol., 14, 1931, 202-217; and P. E. Comalli, The effect 
of time on distance perception, Unpublished Master's thesis, Clark University, 
Worcester, Massachusetts, 1951. 

? Heinz Werner and Seymour Wapner; Changes in psychological distance under 
conditions of danger, J. Pers., 24, 1955, 153-167. 
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— at a constant speed of two miles per hour varying slightly with the weight 
gi 5 

S stood on the platform with his hands on the rails. A button on the ri 
handrail enabled S$ to activate the motor which drove the platform; S's amis aad 
not operate unless E's master switch was also turned on. A Standard Electric Timer 
was wired into the circuit which measured the time the button was depressed. 

The experiment was performed along a corridor at the end of which was a stair- 
well. $ stood on the platform with the toes of his shoes at its forward edge. He wore 
a blindfold which he had to raise before each trial. S's task was to indicate an 


Fic. 1. SKETCH OF APPARATUS 


interval of 5 sec. by pressing and releasing the button. Depressing the button 
started the movement of the platform and simultaneously the timer; releasing it 


simultaneously stopped both. 


Judgments of the time-interval were made under two conditions, ‘Danger’ and 


‘No danger.’ ‘Danger’ involved moving blindfolded toward the stairwell. There 
were two trials involving two degrees of danger; one started 15 ft. from the edge 
(more dangerous), the other 20 ft. from the edge (less dangerous). "No danger’ 
involved judgments of the time-interval while § was moving, blindfolded but 
away from the stairwell. Two trials, one starting at a distance of 15 ft. and the 
other 20 ft. from non-dangerous markers, were performed. Thus, a total of four 
measures was obtained for every S. The sequence of trials was varied in accordance 
with a 4 X 4 Latin Square, Sixteen Ss, eight men and eight women, were tested. 
Instructions. Before the start of the experiments, $ was instructed as follows: 


Your task throughout will be to judge when 5 sec. are up. It is important that you 
do not use any method, such as counting, to judge the passage of time. [Before each 
trial, $ was specifically instructed:] Raise the blinders, please. From the time I say 
‘Go’ I wish you to press the button which will start you moving [in the ‘Danger’ 
condition} toward the edge of the stairs; {in the ‘No danger’ condition} toward the 
first or second marker [depending on the trial in the sequence]. When you think 
5 sec. are up, lift your finger off the button and you will stop. Remember, do not use 


any method such as counting. Lower the blinders, please. ‘Ready—Go.’ 
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Results. The results are in keeping with the hypothesis that as danger is 
increased, the actual time (as measured by a clock) judged by S to be 
equivalent to a pre-specified time-interval, decreases. Table I shows that 


under ‘No danger’ an over-all mean of 4.11 sec. was judged equivalent to 


5 sec., whereas under ‘Danger’ the mean was 3.52. The difference, 0.59 
sec., is significant at the 1% level. 

A comparison of the two ‘Danger’ trials indicates, in accordance with 
expectation, that as danger increases the overestimation of time increases. 


TABLE I 
EFFECT oF DANGER ON THE ESTIMATION OF A 5-SEC. INTERVAL 


Sources of variance df. Mean square F l 
Between Ss: 15 6.71 
uence 3 5.82 0.84 >0.05 
residual 12 6.93 
Within Ss: 48 0.74 
combined treatments 3 2.23 3.38 <0.05 
‘Danger’-‘No danger’ (D) 1 5.57 8.45 <0.01 
distance position (P) 1 0.02 0.03 >0.05 
DXP 1 1.09 1.65 >0.05 
order 3 0.98 1.49 >0.05 
square uniqueness 6 0.34 0.52 >0.05 
residual 36 0.66 
Total 63 
Mean elapsed time (sec.) 
Distance ‘No danger’ ‘Danger’. Diff. 
15 ft. 4.22 3.37 0.85 
20 ft. 4.00 3.67 0.33 
overall mean 4.11 3.52 0.59 


The mean time-judgment, when started 20 ft. from the edge of the stair- 
well was 3.67 sec.; when started 15 ft. from the edge it was 3.37 sec. The 
difference (0.30 sec.), though not significant, is in the expected direction. 


Conclusion, The major results of this study are that time is overestimated 
during danger and that the overestimation tends to increase as danger in- 
creases. This finding confirms the hypothesis that changes in psychological 
distance are paralleled by changes in psychological time even when physical 
distance is held constant. They also confirm the findings of Werner and 
Wapner that the introduction of affective conditions, such as danger, 
changes the experience of distance.? When the experience of distance is 


* For a fuller theoretical discussion, the reader is referred to Werner and Wapner, 
Changes in psychological distance under conditions of danger, J. Pers., 24, 1955, 
159-167. 
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changed under conditions of danger, with physical distance held consta: 
the concomitant experience of time is also changed. While $ overestimat 
the distance he has moved under conditions of danger, he also overes 
mates the time that has elapsed. As danger is increased, $ experienc 
movement through an increasingly longer distance; concomitantly, he ¢ 
periences that an increasingly longer interval of time has elapsed, at ea 
point, than actually, as measured by a clock, has occurred at that point. 
In general, this means that as danger increases, space and time stretc 
or perception of a given physical distance or interval of time shrinks, 


APPARENT VISUAL SIZE AS A FUNCTION OF DISTANCE 
FOR MENTALLY DEFICIENT SUBJECTS 


By HERSCHEL LEIBowrTz, University of Wisconsin 


A number of experiments have demonstrated less size-constancy in chil- 
dren than in adults, especially when the distance of the test-object is in- 
creased. This difference may be attributed either to the greater experience 
of adults with such objects or to their greater intellectual development. The 
purpose of the present study is to examine the relative merits of these al- 
ternative explanations by comparing the performance of institutionalized 
mental defectives with that of normal Ss of approximately the same chron- 
ological age. 


Subjects. Twenty ‘familial’ defectives from the resident population of the South- 
ern Wisconsin Colony and Training School comprised the mentally deficient group. 
None had any history of brain damage, epilepsy, eye-defect, or other organic pa- 
thology. In a preliminary experiment, in which an attempt was made to test Ss of 
the lowest possible mental age, it was discovered that none of the Ss with mental 
ages below 7 yr. could understand or follow the directions. The mean MA of the 
group successfully tested was 8.7 yr., with a range of 7-12 yr. Their CAs ranged 
from 14-27 yr. with a mean of 21.3 yr. 

The 10 normal Ss were undergraduate students at the University of Wisconsin 
who were transported to the Colony and tested under the same conditions as the 
mental defectives. Their age-range was 19-26 yi., with a mean of 21.2 yr. 

Method. The apparatus and procedure were designed to be as simple as possible, 
S sat at the junction of two well-illuminated corridors located at right angles to 
each other, and signaled which of two vertical sticks, one visible on the floor of each 
corridor, looked the longer. The test-objects were wooden dowels cut from 1-in. 
stock to lengths of 2, 4, 8, 16, and 24 in. and mounted individually in square bases 
4X 4X1 in. Both the dowels and the bases were painted flat black. The test- 
objects were placed, one at a time, at viewing distances of 10, 20, 40, 80, and 
120 ft., respectively. Thus, each subtended the same visual angle (0.96°). The 
comparison-stimuli, which were constructed in the same manner as the test-objects, 
were also presented individually, but at a fixed viewing distance of 20 ft. The 


* Received for publication November 13, 1959. This work was supported in 
part by Grant M1090 from the National Institute of Mental Health, The co- 
operation of the staff of the Southern Wisconsin Colony and Training School, 
Union Grove, Wisconsin, and the aid of Mr. Philip McGuire and Mr. Frederick 
Bussey are gratefully acknowledged. 

* Franz Beyrl, Ueber die Grdssenauffassung bei Kindern, Z. Psychol., 100, 1926, 
344-371; Wilhelm Burzlaff, Methodologische Beiträge zum Problem der Far- 
benkonstanz, jbid., 119, 1931, 177-235; J. Piaget, The Psychology of Intelligence, 
1950, 53-64; H. P. Zeigler and Herschel Leibowitz, Apparent visual size as a 
function of distance for children and adults, this JOURNAL, 70, 1957, 106-109, 
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APPARENT VISUAL SIZE AS A FUNCTION OF DISTANCE ‘ 
comparison-series ranged in length from 1 to 36 in. in ¥/-in. steps to 6 in., and 
l-in. steps for the longer stimuli. 

The procedure consisted first of asking S if he would like to help judge t 
Sizes of sticks and explaining that the task consisted simply of pointing to the sti 
which “looks taller.” The comparison-stimuli presented initially were so differ 
in size from the test-object that a discrimination could be elicited easily. It w 
considered important to shift the initial discriminations from a very large to 
very small comparison, or vice versa, to be certain that the instructions were und 
stood. A number of such checks were made during the course of testing the feeb 
minded Ss. Otherwise, the method of limits was employed with an ascending and 
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Fic. 1. MEAN MATCHED SIZE AS A FUNCTION OF THE DISTANCE OF TEST-OBJE 
FOR GROUPS OF MENTAL DEFECTIVES AND OF NORMALS. 
The test-object subtended the same angle at all distances of observation. 


descending series for each test-object. The order of presentation of the test-obje 
was determined by a 5 X 5 Latin Square design replicated four times for the me 
tal defectives and twice for the normals. No time-limit was placed on S. All sessio 
were completed within 15 min. 


Results. The mean matched size of the comparison-stimulus as a functi¢ 
of the distance of the test-objects is plotted in Fig. 1. On this plot, the hor 
zontal line represents a prediction in terms of the ‘law’ of the visual angl 
Since the test-objects all subtended the same visual angle, agreement wit 
this prediction would demand the same matched size independent of viev 
ing distance. The ‘law’ of size-constancy is represented by the diagonal lir 
which is determined by plotting the actual sizes of the test-objects. TI 
data indicate that both groups judged the sizes of the test-objects correct! 
at all distances despite the fact that the retinal images they produced di 
not vary. 
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Discussion. The function relating apparent size and distance for the 
normal $s lies very close to the prediction in terms of size-constancy, as do 
similar functions obtained with normal adults utilizing free binocular 
vision over a wide range of viewing distances? The feeble-minded group, 
despite mental retardation, demonstrate a similar function which is essen- 
tially indistinguishable from that produced by the normals. Both groups 
match correctly the sizes of the test-objects at the various viewing dis- 
tances.® These data imply that the results of previous experiments with 
normal children are to be attributed to experiential rather than to intellec- 
tual factors. Stated differently, whatever factors are responsible for mental 
retardation do not interfere with the normal development of size-constancy. 
Jenkin and Morse, in an experiment similar in many respects to the present 
study, also report no difference between groups differing in MA but of 
approximately the same CA.4 j 

The same feeble-minded Ss tested here had previously participated in an 
experiment on shape-matching in which large differences were found in 
the extent to which mentally deficient Ss exhibit shape-constancy as com- 
pared with normals.* The higher the intellectual level of the group, the 
less was their tendency to respond in terms of shape-constancy. The absence 
of such differences for size-matching emphasizes the point of view that the 
different constancies are mediated by different mechanisms. 

Summary. The relation between perceived size and distance was deter- 
mined for a group of familial mental defectives and a group of normal Ss 
of the same CA. There was no difference in the performance of the two 
groups. The results support the view that the development of size-con- 
stancy in normal children is a result of experiential rather than intellectual 
processes. 


2A. H. Holway and E. G. Boring, Determinants of apparent visual size with 
distance variant, this JOURNAL, 54, 1941, 21-37; A. S. Gilinsky, The effect of 
~ attitude upon the perception of size, this JOURNAL, 68, 1955, 173-192; Herschel 
- Leibowitz, P. Chinetti, and J. Sidowski, Science, 123, 1956, 668-669; Zeigler and 
Leibowitz, op. cit, 106-109. f 
* Actually, both groups matched the test-object with a comparison-stimulus 
slightly larger than would be predicted in terms of size-constancy.This is an ex- 
ample of the phenomenon of ‘overconstancy’ discussed in greater detail by Hol- 
way and Boring, op. cit., 27; J. J. Gibson, Motion picture testing and research, 
Report No. 7, Army-Air Force Aviation and Research Reports, 1947, 201-212; 
W. M. Smith, A methodological study of size distance perception, J. Psychol., 35, 
1953, 143-153; Gilinsky, op. cit., 186; Noél Jenkin, Effects of varied distance on 
short-range size judgments, J. exp. Psychol, 54, 1957, 327-331, 
*Noél Jenkin and Sally M. Feallock, Developmental and intellectual processes 
and size-distance judgment, this JOURNAL, 73, 1960, 168-273. 
* Herschel Leibowitz, I. Waskow, N. Loeffler, and F. Glaser, Intelligence level 
as a variable in the perception of shape, Quart. J. exp. Psychol., 11, 1959, 108-112. 


THE SUBJECTIVE EDGE 
By B. M. SpRINGBETT, University of Manitoba 


Marshall and Talbot offer a general theory of contour-perception which 
fairly covers a wide range of perceptual phenomena.’ One set of deduc- 
tions made by them concerns the nature of perception of a hair-line con- 
tour as compared with an edge—a contour formed by adjacent areas differ- 
ing in intensity, or hue, or both.? The predicted phenomena do not, how- 
ever, appear to have been demonstrated empirically. According to the 
theory, the steepest Bradient of neural excitation, which defines or locates 
the position of the perceived contour, should lie toward the dark side of 
the edge, że. the perceived, or subjective, edge should lie ‘into the dark’ 
from the true or geometrical edge, while the preceived hair-line contour 
should be coincidental with the geometrical position of the contour. 
Furthermore, because of the essentially sigmoidal distribution of excitation 
postulated for the edge-contour and the gaussian distribution of the hair- 
line contour, fluctuations in the locus of the subjective edge will occur 
while the perceived hair-line contour will remain stable or, at least, will 
fluctuate less markedly. 

The following experiment is designed to test these deductions. 

Method. The apparatus consists of a small metal cabinet in which two 7-w. white 
lamps are mounted and faced with plexiglass to diffuse the light. Each lamp in- 
dependently illuminates a slide from behind. Slides fit into apertures cut in the 
face of the cabinet. 

The two slides are vertically separated by 0.5 in. The lower slide is in a fixed 
Position, the upper moves hérizontally. The position of the upper slide is adjust- 
able by turning a conveniently situated knob. A gear-system permits fine adjustments, 
ie. 1° of turn moves the slide 0.014 in. A 4-in. pointer at E's end of the knob- 
spindle permits accurate reading of the position of the upper slide. 

Three 'pairs of slides are used. One pair has a vertical hair-line contour, while 
the remaining two pairs have vertical contours (edges) formed by adjacent areas, 
one black-white, the other blue-yellow. The positions of the areas in the upper and 


* Received for publication February 28, 1960. This work was su ported by 
grant APBT-40 from the Associate Committee on Applied Psychology of the National 
Research Council of Canada. i R 

*W. H. Marshall and S. A. Talbot, Recent evidence for neural mechanisms in 
vision leading to a general theory of sensory acuity, in Heinrich Klüver (ed.) 
Biological Symposia, VII, 1942, 117-164; C. E. Osgood, Method and Theory in 
Experimental Psychology, 1953, 229-260. 

Marshall Talbot, op. cit., 138-141. 
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lower slides of these pairs are reversed, e.g. the lower black-white slide has the black 
on the right, the upper one on the left. Thus, when the upper slide is set to the 
right of a true-zero alignment and S is asked to align the upper and lower contours, 
under-estimation is predicted; when the setting is to the left, over-estimation is 
predicted. Errors on the hair-line are theoretically required to occur randomly with 
respect to over- and under-estimation. Phenomenal fluctuation of contours will be 
reflected in the variance of error-scores. 

With S seated, the test-object is presented at eye-level, at a distance of 24 in. A 
black cardboard ‘tunnel’ provides a uniform surround within which the slides are 


TABLE I 
Ratios OF CORRECT TO INCORRECT PREDICTIONS 
Obtained 
Predicted 

black-white blue-yellow hair-line 

ia = + = a = 
Over-estimation (+) 171 29 191 9 41 59 
Under-estimation (—) 27 173 7 193 29 71 
Chi square (1 df.) 204.68 334.42 2.66 


viewed. After a period of 5 min. pre-adaptation in a darkened room, § makes 20 
judgments on each of the edge-contours and 10 on the hair-line contour. The Ss are 
20 university students. 


Results. In studying the locus of the subjective edge, two bases of 
analysis are used: (a) the population of judgments, N =400 for each 
edge-contour, 200 for the hair-line contour; (b) the population of Ss, 
N = 20 for each contour. Table I shows the ratio of correct to incorrect 
predictions. With settings made to the left of zero, over-estimation (+) 
is predicted; under-estimation (—) is predicted with settings to the right. 
There seems to be little doubt that systematic errors occur in the predicted 
directions with the edge-contours. There is no evidence of systematic error 
in the hair-line, as predicted. 

The judgments of each $ were summed algebraically and averaged to 
yield a measure of constant error. The SDs reported relate to inter-S vari- 
ability. Table II shows the mean (constant) error for the group on each 
contour, together with SDs and SEys. 

Calculations made from the table show that the distances of the means 
from zero, in terms of SEy, are 0.88, 12.00, and 13.33, respectively, for the 
hair-line, black-white, and blue-yellow contours, i.e, the hair-line does not 
differ significantly from zero, while the edge-contours do, The difference be- 
tween the hair-line and black-white means is significant (¢ = 9.939); for 
hair-line vs. blue-yellow, ż = 11.47; and the blue-yellow mean is significantly 
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greater than the black-white (¢ = 3.346). The last difference between edge- 
contours cannot be explained in terms of the present data, but a suggestion 
may be made about it. 

In each set of data (black-white, blue-yellow) the 10 judgments from 
the lefthand settings may be averaged for each S, and, similarly, the 
10 from righthand settings. This provides a rather crude basis for esti- 
mating a split-half reliability coefficient and the resulting rs are, for black- 


TABLE II 
Locus AND VARIABILITY OF THREE DIFFERENT CONTOURS 


S— ee aaaaħŮÁ 


Constant 
Contour error (in.) SD SEn 
Hair-line 0.0016 0.0088 0.0018 
Black-white 0.036 0.013 0.003 
Blue-yellow 0.046 0.016 0.0036 


white, 0.735; for blue-yellow 0.756. Next, the average black-white score 
for each $ is correlated with the average score on the blue-yellow 
(r = 0.196). Each reliability-coefficient is significantly different from that 
of the inter-correlation: the value of ¢ for black-white vs. inter-correlation 
is 2.167; the corresponding value of ¢ for blue-yellow is 2.281. Each 
difference is significant at the 5% level. The suggestion is that the black- 
white and blue-yellow judgments do not belong to the same population, 
i.e. different sources of variance are operating in each. 

Fluctuations in the subjective edge as compared with the hair-line con- 
tour are studied over a population of judgments; N = 400 for black-white 
and blue-yellow; N = 200 for the hair-line. The SDs for these respective 
sets of data are 0.029 in., 0.027 in., and 0.019 in. By Guilford’s formula,’ 
the SD for the black-white data is found to be significantly greater than 
that of the hair-line (¢= 5.248). In a similar comparison for blue-yellow, 
t = 5.265. The results are in agreement with the postulated greater vari- 
ability of the edge as compared with the hair-line, 

While the Marshall-Talbot deductions are in general supported by 
these data, a comparison of the results with black-white with those with 
blue-yellow raises questions which can find answers only through addi- 
tional experiments. Phenomena associated with the subjective edge should 
be investigated with intensity-ratio as the experimental variable. Similarly, 
with intensity-ratio constant, differences in hue should be explored in rela- 
tion to their ability to produce a subjective edge. 


*J. P. Guilford, Fundamental Statistics in Psychology and Education, 2nd ed., 
1950, 197. 


APPARENT WEIGHT AS A FUNCTION OF HUE 


By M. Carr PAYNE, JR., Georgia Institute of Technology 


In an earlier study, we found that different colored objects of the same 
size differ in apparent weight.t These differences were related to physical 
brightness. No relation was found between apparent weight and prefer- 
ences for the colors. The present study was undertaken to test three hy- 
potheses: (1) that objects of the same size but of different hues differ in 
apparent weight; (2) that the apparent weight of an achromatically 
colored object differs from that of a chromatic object of the same bright- 
ness; and (3) that there is no significant relation between apparent weight 
and preference for hue. 


Method. Six cubes, 2 in. on a side, used in the earlier study, were covered with 

Munsell papers of equal brightness and saturation but of different hues. Red, yellow, 
_ green, blue, purple, and gray papers were used. 

Cubes were presented to S$ by the method of single stimuli. Order of presentation 
was randomized with the restriction that each of the six hues was presented before 
any of them was repeated. Each cube was presented 15 times to every S. 

S saw each cube in the center of a 6-in. aperture. The cube was presented on a 
white base against an evenly illuminated white background. The aperture was cut 
from white cardboard and was surrounded by white sheeting in such a way as to 
reduce possible assimilation effects.? The surround of the aperture was diffusely 
illuminated to a level slightly below that of the cube. 

Twenty-five college students (men) served as the Ss. Each, serving individually, 
was seated 10 ft. 2 in. from the aperture and instructed to call out a number from 
1 through 5 as each cube was presented according to its apparent weight. $ was 
given a sheet with a scale and descriptive adjectives to help him assign the num- 
bers. As soon as $ made his judgment the aperture was closed. When it was re- 
opened, S saw another cube. 

To insure S's understanding of the instructions a white cube was first presented 
him and he was asked to judge its apparent weight. The first trial with every cube 
of different hue was similarly treated as practice. 

After '15 test-trials with each cube had been completed, $ was shown a card con- 
taining a 2-in, square of each of the hues. He was instructed to rank these hues in 
order of their preference. 


* Received for publication January 28, 1960. 

2M. C. Payne, Jr. Apparent weight as a function of color, this JOURNAL, 71, 
1958, 724-730. Cf. also C. J. Warden and E. L. Flynn, The effect of color on ap- 
parent size and weight, this JOURNAL, 37, 1926, 398-401. 

3P, V. Marchetti, Time-errors in judgments of visual extents, J. exp. Psychol., 
30, 1942, 257-261; D. C. McClelland, Factors influencing the time error in judg- 
ments of visual extent, ibid., 33, 1943, 81-95. 
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Results. After testing for homogeneity of variance by Hartley's test,? an 
analysis of variance was computed. Results of this analysis are shown in 
Table I. Interactions for Hue x S and Trial x $ were significant (P < 
0.01) when tested against the second order interaction as an error-term. 
Hues and Ss were significant (p < 0.01) as main effects when tested 
against the H x S interaction. 

To evaluate the main effects of Hue, critical ratios were computed be- 
tween mean apparent weights for hue. Yellow, green, and gray did not 
differ significantly from one another. Blue, red, and purple did not differ 


TABLE I 
ANALYSIS OF VARIANCE 


loo 


Source of variation df. Mean square R 
Hues (H) 5 38.31 3.70* 
Subjects (S) 24 27.22 2.63* 
Trials (T) 14 52 1.79 

xs 120 10.34 36.93* 
HXT 70 .29 1.04 
TXS 336 32 1.14ł 
HXTXS 1680 28 


* p<0.01; 7 p<0.05. 


significantly from one another. The apparent weight of yellow, green, and 
gray did, however, differ significantly from that of blue, red, and purple. 

To determine if there is a significant relation between apparent weight 
and preference for hue, a rank order correlation coefficient was computed 
between the ranks of preference and those of apparent weight. This cor- 
relation was not significant (e = 0.36). 

Discussion. The present study indicates that the hue of an object does 
influence the perceived weight of an object. The extent of this influence 
does not appear, however, to be as great as that of brightness (reflectance) 
which was shown by the earlier study to correlate very greatly (p = 0.94) 
with apparent weight. This conclusion is further supported by the lack of 
a significant difference between the apparent weight of the gray cube and 
that of a green or yellow cube of equal brightness. Apparently, brightness 
is the major cue for apparent weight. 


a Be Se ee T 
* H. M. Walker and Joseph Lev, Statistical Inference, 1953, 192. 
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A MONOPOLAR METHOD OF MEASURING 
PALMAR CONDUCTANCE 


By Rosert B. MALMO and JOHN F. Davis, McGill University 


The apparatus and method described in this paper have been successfully 
used in a number of studies conducted in our laboratory, and we wish to 
make them available to our co-workers.1 The monopolar method (which 
makes use of an indifferent or reference electrode and an active electrode) 
was selected because we wished to study the variations of skin-conductance 
at a single site. 

Fig. 1 presents the circuit diagram for the apparatus. It is convenient 
to work with resistance units during recording, converting to conductance- 
units later on. A subject's (S’s) resistance is the unknown factor in the 
Wheatstone bridge that is approximately balanced by means of a General 
Radio Type 1432 Decade Resistance Unit, the unbalanced portion being 
recorded by the direct coupled (DC) amplifier and recording galvanom- 
eter. Three decades, in units of 1,000, 10,000, and 100,000 Q will serve 
all requirements for recording from $ (a separate millivoltmeter for 
checking the electrodes will be described later). 

For purposes of recording the palmar conductance (PC), the direct 
coupled (DC) amplifier should have maximal available gain of 200 (al- 


* Support for the development of this method has come from the following 
sources: Medical Research and Development Division, Office of the Surgeon Gen- 
eral, Department of the U.S. Army: Contract Number DA-49-007-MD-626; Na- 
tional Institute of Mental Health, National Institutes of Health, U.S, Public Health 
Service: Grant Number M-1475; the Department of National Health and Welfare 
(Canada); Defence Research Board, Department of National Defence, Canada: 
Grant Number 19425-04; and the National Research Council of Canada: Grant 
Number A.P. 29. 

Grateful acknowledgment is made to Mr. W. Mundl for technical assistance. 

*S. M. Feldman, Differential effect of shock as a function of intensity and cue 
factors in maze learning. Unpublished Doctoral dissertation, McGill Univer., 1958; 
R. B. Malmo, Measurement of drive: An unsolved problem in psychology, in 
M. R. Jones (ed.), Nebraska Symposium on Motivation, 1958. 1958, 229-265; 
Activation: A neuropsychological dimension, Psychol. Rev., 66, 1959, 367-386; 
M. M. Schnore, Individual patterns of physiological activity as a function of task 
differences and degree of arousal, J. exp. Psychol., 58, 1959, 117-128; R. G. Sten- 
nett, The relationship of performance level to level of arousal, J. exp, Psychol., 54, 
1957, 54-61; R. G. Stennett, The relationship of alpha amplitude to the level of 
palmar conductance, EEG Clin. Neurophysiol., 9, 1957, 131-138. 
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though gain used at the sensitivity that we generally employ is only 33), 
and its drift should be no more than 2 mv. per hr. Since such amplifiers 
are not readily available from commercial sources (whose amplifiers have 
too much or too little gain), one must either be specially constructed or 
else converted from one of the models available. At present, we use an 
Epsco-type 8105 DC amplifier in which we have reduced the gain, by a 
factor of 10 or 15 to 1, by eliminating one of the stages, 
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Fic. 1. CircUrT DIAGRAM FOR SKIN-RESISTANCE RECORDING. 
R1 and R2 designate the two reference electrodes. See text for explanation. 


If the current through S is too small, then the voltage drop through the 
skin resistance might be of the same order of magnitude as the skin volt- 
age (że. the more or less steady biological potential which is always 
present across the skin). This makes it difficult to differentiate between 
skin voltage (Tarchanov) effects and skin-resistance (Fere) effects, and 
we wished to study the latter effects exclusively. On the other hand, if the 
Current is too large, there is always the danger of polarization of the 
electrodes. We selected 90 pA. as a compromise which avoids both diffi- 
culties. Since our bridge circuit is symmetrical, the current is the same in 
each leg. 

In arranging the apparatus, if two adjoining rooms are available, it is 
preferable (less distracting for S) to install the Decade Resistance Unit, 
DC amplifier, and chart drive in a control room away from S. 

Connecting PC reference leads to ground. With multiple-channel record- 
ing, especially when electromyograms (EMGs) are included, it is desirable 
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to ground S to prevent 60-cycle interference from various sources. In the 
absence of this ground, it is often impossible to secure EMGs at high gain 
that are free from artifacts, and sometimes the 60-cycle artifact is present 
even in the PC-tracing. Fig. 1 shows the reference leads going to ground 
(there are two ground electrodes connected in parallel). 

It should be noted that grounding the body at more than one point is 
decidedly unwise. With more than one ground, and with the PC-bridge 
grounded at some point, the current that is being passed through S will be 


JOmm. 


EDGE VIEW 


Fic. 2. DIAGRAMMATIC SKETCH OF PC ELECTRODE. 
T represents area that is covered by Tygon primer and cement. 


divided between grounds, and it is uncertain how the current will be 
divided. 

Some of the unfavorable consequences of grounding S at two points on 
his body are as follows. The difference in resistance obtained from revers- 
ing the leads to the bridge (forward-reverse difference) is increased over 
the single-ground; voltage measurements on the body are disturbed, and 
EKG artifacts may appear in EMG tracings that had previously been free 
of them. Although we employ two ground electrodes, the body may be 
considered (for all practical purposes) to be grounded at only one point 
because of the small distance between electrodes. 

Construction of the electrodes. Fig. 2 illustrates the PC-electrode which 
is cut from 1/32 in., fine grade silver, and is then filed and polished with 
steel wool until smooth. The lead wire (10 ft. of Belden 8014) is soldered 
to a stem which, in turn, is soldered to the small end of this electrode. 
After the electrode is cleaned with carbon tetrachloride, the solder joint 
is covered with one coat of Tygon primer and three thin coats of Tygon 
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paint, leaving a length of 15 mm, of uncovered silver. A solderless plug 
is attached to the other end of the lead for insertion in the input box of 
the bridge. 

The purpose of the stem shown in Fig. 2 is to facilitate cleaning of 
electrodes. It serves as a handle while holding them. To provide this stem, 
solid tinned copper wire (No. 18 AWG) is doubled into the shape of a U, 
is soldered to the silver at one end, and to the lead wire at the other end. 
Actually, the solder extends along the whole length of the stem to give 
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Fic, 3. CIRCUIT FoR CHLORIDING PROCESS. 
See text for explanation. 


stiffness to the wire. For strain relief, to prevent the wire from breaking 
at the point where it is soldered, a two-inch length of tubing is placed 
around the wire as illustrated in Fig. 2, We use Birnbach Biraco Tubing 
(no. 14B & S). 

Chloriding the electrodes. A diagram of the chloriding apparatus is 
presented in Fig. 3. The chloriding current of approximately 18 mA. is 
determined primarily by the value of the series resistor (4,700 Q). Since 
the resistance of the chloriding bath is always a small fraction of this 
value, the current remains rather constant (within approximately 10%). 
Furthermore, the resistance of the meter-shunt is negligible as compared 
with the other resistors in the circuit, and hence this shunt has no effect x 
on the operation of the circuit. 

The electrode is cleaned, connected to the positive pole of the chlorid- 
ing power supply, and immersed in the chloriding bath of normal hydro- . 
chloric acid. Next, the cleaned silver cathode is placed in the chloriding 
bath and connected to the negative pole of the chloriding power supply. 
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A Gralab timer is then set for a chloriding time of exactly 6 min., after 
which time the chlorided electrode is removed from the HCI bath, rinsed 
with water, and blotted dry with a soft, clean cloth. Darkening on the 
surface of the electrode should appear uniform. Specks on the surface of 
the electrode usually signify insufficient care in cleaning, and it is likely 
that such an electrode will not meet the voltage- and resistance-tests, and 
will have to be rechlorided. These tests, rather than the appearance of the 
electrode, determine, however, whether the electrodes may be used in 
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GAIN: 20 


Fic. 4. Crcurr FoR VTVM THAT Is USED FOR CHECKING VOLTAGE AND 
RESISTANCE OF ELECTRODES IN SALINE. 
“DC Amplifier” refers to direct-coupled amplifier. 


E R 
Scale Millivolt Range of resistance 
selection range in ohms 
1 0- 10 0- 100 
2 0- 50 0- 500 
3 0-100 0-1000 


recording or must be rechlorided. If the electrode fails to meet the tests, 
it is best to remove the chlorided surface completely (with steel wool), 
and to repeat the entire chloriding process, The electrode is stored dry with 
protection against abrasion and mechanical damage. 

Voltage measurements. Chloriding should bring the leads ‘in balance,’ 
which means that the electromotive force generated by the pair of elec- 
trodes placed in a physiological (0.99%) saline solution should be close 
to zero. Fig. 4 illustrates the method that we use to check electrodes for 
voltage and resistance. The DC amplifier for the vacuum tube voltmeter 
(VTIVM) may be of low gain (e.g. 20) because it is used with a 1- mA. 
DC meter instead of with a recording galyanometer. The amplifier, how- 
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ever, should be so designed that the grid current is close to zero at the 
input. In practice, we have found that it is very desirable to have two DC am- 
plifers, one for measuring PC (illustrated in Fig. 1), and one for the 
purpose of taking measurements from the electrodes in saline (illustrated 
in Fig. 4). 

One should strive to produce electrodes with no more than 1 my. of 
unbalance, This requirement may seem over-strict since 1 mv, represents 
only 10 A in this circuit. Experience has demonstrated, however, that with 
an initial reading as low as 1 mv., the balance will usually hold during the 
session, whereas with higher initial readings (of the order of 5 mv.), elec- 
trode voltage may drift up to 15 mv. or more during the session, thus 
introducing a progressive voltage error and possible electrode-resistance in- 
crease. 

Resistance measurements, After the voltage measurement, using the 
same electrode-checking instrument (Fig. 4), a current is passed through 
the electrodes and the ohm-scale is read for the two resistance values of the 
pair of leads, plugged in first left-to-right, and then right-to-left. A good 
pair of electrodes usually yields a resistance value in the neighborhood of 
100-150 N. Reversing the electrodes will produce a different reading, but 
with good electrodes, the two resistance values ‘should be within approxi- 
mately 50 Q of each other. ; 

Electrode placement: Active lead. The electrode placed on the palm of 
the hand (or sole of the foot) is the active lead, and care must therefore 
be taken to avoid abrading the skin in the area where this lead will be 
placed. Gentle stroking with absorbent cotton saturated with ether cleans 
effectively without abrading the skin. A cellulose sponge (a block, 1 in. 
X 34 in. X 3% in.) serves to hold the electrode (in a slot that is cut in the 
sponge). After saturating the sponge with physiological saline (not the 
more concentrated conducting jelly), the sponge is placed on the S's palm, 
is covered with a thin piece of rubber sheeting to prevent loss of fluid, and 
sponge and sheeting are held securely in place by a band of elastic material 
(Lastonet). It is a wise practice to apply the saturated sponge to the palm 
as early as possible in the session that physical saturation of the palmar tissue 
with saline may reach its peak before the recording session commences, thus 
eliminating artifacts produced by the gradual soaking of the skin with 
saline. That is, by allowing the saline from the sponge to soak into the palm 
during the remainder of the preparation, any fall in resistance due merely to 
penetration of the salt solution into the skin should be practically complete 
by the time the experimental session commences. 

Reference leads. In treating the skin for placement of the two reference 
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electrodes (see R, and R, in Fig. 1), there are two chief goals: (a) to 
bring resistance down as low as possible with no more than minor dis- 
comfort for S during the process, and (b) to bring the resistance of these 
leads to the same constant value in each $. One purpose of (a) is to pre- 
vent 60-cycle interference from various sources. In the absence of such a 
low-resistance ground lead, it is often impossible to secure artifact-free 
EMGs at high gain, and sometimes the 60-cycle artifact is present even 
in the PC tracing. Another purpose of bringing the reference resistance 
down to a low value is to minimize the contribution from reference areas 
to the total recorded resistance. The purpose of (b) is to minimize the 
undesired variation due to individual differences in resistance of the skin 
lying under reference electrodes, Experience in our laboratory has demon- 
strated that these two goals may be achieved by treating the skin of the 
forearm in such a way as to bring the contribution of the two reference 
leads, when connected in parallel, down to approximately 500 Q. For 
example, with a total resistance of 10,000 Q, approximately 9,500 Q may 
be attributed to the palmar resistance and only about 500 Q to the refer- 
ence resistance. 

In practice, the skin is treated in such a way as to yield a reading of 
2,000 Q (1,000 Q from each electrode) between the two reference elec- 
trodes when they are plugged into the ohmmeter together (że. not in 
parallel). The final value of 500 Q is approximated by connecting the 
two 1000-0 resistances in parallel. To produce this value (approximately 
500 Q), it is essential to strive for equality in resistance from one refer- 
ence lead to the other. In practice, this means that during the time that the 
skin is being treated, each reference electrode should be plugged in the 
ohmmeter with a third electrode from time to time in order to ensure that 
the resistance value for reference-1 to the third electrode is equivalent to 
the value for reference-2 to the third electrode at all stages of the resist- 
ance-reduction procedure. Unless shifts in baseline of palmar conductance 
are very rapid, the palmar electrode is a convenient one to employ as the 
third electrode. 

The ventral (relatively hairless) surface of the left arm accommodates 
two electrodes nicely, leaving the right arm free for performance, Refer- 
ence electrodes may be placed one on each arm, but this placment intro- 
duces a large EKG-artifact in EMGs from the left arm. The two reference 
electrodes are placed about midway between wrist and elbow on the left 
arm, spacing them at least 2 in. apart (and at least the same distance from 
other leads). 

Treatment of the skin on which the reference leads are to be placed 
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proceeds as follows: Absorbent cotton, saturated with a grease-dissolving 
detergent, such as ‘phisoderm,’ is used to clean the skin and to reduce its 
resistance. Rubbing with the saturated cotton for about a minute and a 
half is advised. After thorough rubbing and cleaning, the electrodes are 
placed in the same way as that described for the palmar electrode. 

At this point in the procedure, each reference electrode in turn is 
plugged in the ohmmeter with the third electrode in order to determine 
whether one reference electrode has an appreciably higher resistance than 
the other. In that event, further treatment is applied first to the skin under 
the high-resistance electrode. This treatment consists in careful application 
of the pointed tip of a wooden applicator (a thin wooden stick, 1-2 mm. in 
diameter) to the skin immediately under each electrode. The end of the 
applicator should be sharpened to a point, and this point dipped in elec- 
trode jelly before being applied to the skin, Although it is sometimes diffi- 
cult to bring the resistance between reference electrodes down to 2,000 Q, 
experience has shown that with skill and persistence, this may be achieved 
without vigorous scraping or injury of the skin, and with relatively little 
discomfort to S. 

In a recent experimental series, it was found that even after intervals 
of 2 hr. or more between pre- and post-calibration checks, the resistances 
of reference leads held very close to original values. Such findings indicate 
that purely physical factors such as evaporation of the saline solution in the 
sponge (that might increase resistance) or deeper penetration of saline 
into the skin (that might lower resistance) were well controlled. 


* Though we do not claim that the present monopolar method is necessarily su- 
perior to bipolar methods of recording PC, the success of the monopolar method 
in the studies cited encourages us to believe that it represents an advance over 
methods that we had tried previously. The work of one of us (J.F.D.) with 
measurement of DC potentials in the operating room has led to findings that have 
accelerated the present application of the monopolar method to PC recording. 


A SHUTTLE BOX FOR FISH AND A CONTROL CIRCUIT 
OF GENERAL APPLICABILITY 


By J. L. HORNER, NICHOLAS LONGO, and M. E. BITTERMAN, 
Bryn Mawr College 


We describe here an experimental situation designed for the study of 
escape and avoidance in the fish. Patterned after the situation developed 
for the rat by Warner, it requires the animal to shuttle back and forth 
from one end of an enclosure to another to escape or to avoid shock.! We 
describe here also the essential features of a control circuit designed to 
monitor the behavior of a group of four Ss tested simultaneously in a set 
of four such shuttle boxes and to program a variety of standard training 
schedules. This circuit, which is quite general in function, can be used to 
control a set of shuttle boxes built for rats, or for insects, or for any of a 
number of other species. It was constructed in contemplation of a program 
of comparative research on escape and avoidance in a wide range of or- 
ganisms. 


Shuttle box. The situation used for the fish is illustrated in Fig. 1. 


The animal's compartment, 10 in. long, 4.5 in. wide, and 4.25 in. high, is made 
of Y%-in. plastic. It is divided into two parts by a hurdle which is 1.75 in. in 
height. (The exact dimensions of the compartment may, of course, be varied in 
accordance with the size of the Ss studied.) The floor of the compartment is opaque, 
and so also are the sides, except for the points at which the light-beams which 
actuate the photocells enter and leave. Stainless steel electrodes sct into the long 
walls of the compartment have small openings cut in them to permit passage of the 
light-beams from sources to photocells. The ends of the compartment are of clear 
plastic, permitting illumination of the compartment by the 15-w. CS-lamps, which 
are enclosed in otherwise light-proof boxes. Since the hurdle itself is opaque, there 
is a marked difference in the level of illumination from one side of the hurdle to 
the other when one of the CS-lamps is turned on. The cover of the compartment is 
made of Y4-in. ruby plastic which permits E to see § but which, when the experi- 
mental room is darkened, eliminates visual cues from the outside. The level of 
water is such as to permit $ to shuttle back and forth without difficulty but to pre- 
vent loitering in the region between the light-beams. 

In escape-training, shock is turned on without warning at irregular intervals, and 


* This work was supported in part by Contract Nonr 2829(01) with the Office of 
Naval Research and in part by Grant M-2857 from The National Institute of Mental 
Health. 

L. H. Warner, The association span of the white rat, J. genet. Psychol., 41, 
1932, 57-89. 
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S may turn it off by crossing the hurdle and breaking the beam on the Opposite 
side. Only one of the two photocell-circuits—the one on the side Opposite S—is 
functional at any given time; when its beam is broken, the other circuit becomes 
functional and remains so until its beam is broken, whereupon the first becomes 
functional again, and so forth, 

In conventional avoidance-training, the onset of shock is preceded by a signal, 
the response to which forestalls shock. Either both CS-lamps are normally off and 
the onset of one of them serves as the signal, or both lamps are normally on and 
the offset of one of them serves as the signal; the lamp whose onset or offset serves 
as the signal may be on the same side as § or on the opposite side. Under what we 
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Fic. 1. THE SHUTTLE-Box 
(A= View from above; B = Side view.) 


call the Warner condition, the shock, once it has been turned on, remains on until 
S responds.? Under what we call the Hunter condition, shock terminates after a 
preset interval if there has been no response during the interval; in the limiting 
case, the scheduled duration of shock is so brief that it terminates before the 
response can get under way.* 

Our apparatus is useful also for another kind of avoidance-training, developed 
recently by Sidman, in which no exteroceptive warning signal is used; a recycling 
timer schedules shock N-sec. after the last response, and each response resets the 
timer.* Under what we call the Sidman-W condition (W for Warner), the shock 
remains on until it is terminated by S’s response. Under what we call the Sidman-H 
condition (H for Hunter), the shock terminates independently of S's response. It 
is possible, too, to incorporate in the conventional avoidance-procedures the feature 
of regularly scheduled trials which are postponed by interval-response, thus con- 
POMP OR ED DY, OCR YL EES OOS, ausicaa 


? Warner, op. cit, 69. ; 

*W. S. Hunter, Conditioning and extinction in the rat, Brit. J. Psychol, 26, 
1935, 135-148. a 

*M. Sidman, Avoidance conditioning with brief shock and no exteroceptive 
warning signal, Science, 118, 1953, 157-158. 
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stituting what we call the Warner-S and Hunter-S conditions (S for Sidman). 

The escape-procedure and the six different avoidance-procedures already noted 
are generated from three procedural dichotomies. The first is warning signal vs. 
no warning signal. The second is irregularly and independently scheduled trials vs. 
regularly scheduled trials postponed by interval-responses—a trial being defined by 
the onset of the warning signal or, where no signal is used, by the onset of shock. 
This dichotomy really is a double one, which confounds regularity of scheduling 
with postponement by interval-response, but the effort required to separate the two 
factors in the design of a control circuit would be wasted, because the new experi- 
mental conditions which separation would permit are not very interesting. As mat- 
ters now stand, at any rate, regularly scheduled independent trials are possible, but 
irregularly scheduled trials postponed by response are not. The third dichotomy is 
shock terminated by S's response vs. shock terminating independently. 

In Table I, the eight experimental conditions generated by the three dichotomies 
are shown in their interrelations, along with the names we have given them. It may 
be seen from the table, for example, that the conventional Warner condition in- 
volves a warning signal, irregularly and independently scheduled trials, and the 
termination of shock by S's response. Warner-S differs from Warner only in that 
it involves regularly scheduled trials postponed by response, and Sidman-W differs 
from Warner-S only in that it provides no warning signal. Escape differs from Sid- 
man-W only in that it involves irregularly and independently scheduled trials. One 


TABLE I 


EIGHT TRAINING CONDITIONS GENERATED FROM THREE 
PROCEDURAL DICcHOTOMIES 


Dichotomy 1 Dichotomy 2 Dichotomy 3 Condition 
(a) Warning signal (a) Trials irregularly (a) Shock terminated (1) Warner 
and ge Sanaa” by response 
T schedule 
(a) Warning signal (a) Trials irregularly (b) Shock terminates (2) Hunter 
and Taepa independently ‘ 
AR schedule 
(a) Warning signal (b) Regularly sched- (a) Shock terminated (3) Warner-S 
uled trials post- by response 
Oe poned by response 
(a) Warning signal (b) Regularly sched- (b) Shock terminates (4) Hunter-S 
uled trials post- independently 
F pomad by response 
(b) No signal (a) Trials irregularly (a) Shock terminated (5) Escape 
and independently by response 
: schedul 
(b) No signal (a) Trials irregularly (b) Shock terminates (6) — 
and aa pee independently 
schedule: 
(b) No signal (b) Regularly sched- (a) Shock terminated (7) Sidman-W 
uled trials post- by response 


poned by response 
(b) Regularly sched- 
uled trials post- 
poned by response 


(b) No signal 


(b) Shock terminates 
independently 


(8) Sidman-H 
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of the eight conditions shown in the table—the sixth—is meaningless; permitting 
neither escape nor avoidance, it involves a series of unheralded shocks about which 
S can do nothing. 


Control-circuits. The control-circuits for the four shuttle boxes are con- 
structed on four identical boards which, with their associated timing clocks, 
are mounted on a standard, 6-ft., steel relay rack. The boards are connected 
to the shuttle boxes by octal plugs and sockets, which makes it easy to sub- 
stitute shuttleboxes suitable for other animals, A master control-panel, 
which holds a latency-measuring clock, a shock-interrupting circuit, and a 
set of selector switches, also is mounted on the rack. One of the individual 
circuits is shown in Fig. 2 with the functions of the master indicated, 
Switches on the master-panel permit E to select one of three basic modes of 
operati@n: the manual Warner-Hunter, the automatic W arner-Hunter, and 
the Sidman. 
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Fic. 2. CONTROL CIRCUIT FOR ONE OF THE SHUTTLE-BOXES 
(The functions of the master are indicated by broken lines. Vs is a 12AT7.) 
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In the manual Warner-Hunter mode, conventional avoidance training (Conditions 
1 and 2) and escape-training (Condition 5) are studied. In these conditions, trials 
are irregularly and independently scheduled. The separate control-circuits for the 
four shuttle boxes simultaneously keep track of S's position and count interval- 
responses (C:), but E manually programs the trials to one box at a time and reads 
the latency of response from a clock. A selector-switch determines which box is to 
have a trial, and the trial is initiated by the depression of another switch, S4, which 
energizes Rls. This relay starts the CS-timer, Ts, and the latency-clock, and it 
activates Rls, which initiates the CS. The purpose of RL, is to permit choice between 
warning signal and no warning signal (S:), and between normal and inverted 
operation (Ss). In normal operation, both CS-lamps are off, and the signal, if any, 
is the onset of one of them; in inverted operation, both lamps are on, and the sig- 
nal is the offset of one of them. The position of Se determines whether the signal 
will occur on the side of S or on the opposite side. In escape-training, the CS-timer 
is set at zero, and there is, of course, no signal. 

When the CS-timer has run a preset interval, it energizes Rls, which fonnects 
the shocking electrodes to the shock-supply and turns on the shock-interrupter if it 
is desired (otherwise the shock is continuous). Rls also energizes the shock-timer, 
Ta. In Condition 2 (selected by Switch S4 in Position H), this timer terminates the 
trial by turning off RLs after it has run a preset interval, In Conditions 1 and 5 
(Position W), the trial is terminated only by response, which fires the response- 
relay, RLs, in the plate-circuit of the photocell amplifier, Vi. RLs fires RL which 
turns off RL; and steps the ratchet-relay which shifts photocells and CS-lamps- 
Since the operation of RLs is very rapid, RL, switches an 8-pf. capacitor across its 
coil to give a holding time of about 1% sec. In extinction, Rls turns off Rls. The 
activation of RL, stops the latency-clock, which E reads and resets. 

In the automatic Warner-Hunter mode, trials are initiated in the four shuttle boxes 
simultaneously by a relay in the master which is actuated by a film-timer. The 
latency-clock is disconnected, and data are taken by counters Cs and Ca, which 
record avoidances and escapes, respectively. As in the manual mode, Cı records 
interval-responses. The counters, of course, give only the number of responses of 
each kind occurring in a given time, which is all that may be necessary. When the 
precise distribution of avoidances over a series of trials must be known, a continuous- 
feed kymograph is used, with one pen to show the avoidances in each box and a 
fifth pen to mark off the trials. The apparatus functions unattended in this mode, 
which is more efficient than the manual mode for conventional avoidance-training 
(Conditions 1 and 2) and for escape-training (Condition 5) when response-latencies 
are not required. 

In the Sidman mode, also automatic, Conditions 3, 4, 7, and 8 are studied. The 
apparatus functions as it does in the automatic Warner-Hunter mode, except that 
trials are programmed separately for each box by a Hunter timer, Hi, which is reset 
by response when the multigang switch, WH-S in Fig. 2, is in the Sidman position. 
The same switch changes the functions of the counters. In this mode, Cı counts all 
responses; C2 counts responses in the last x seconds before shock is due (an interval 
during which, in Conditions 3 and 4, a signal is presented); and Cs counts the 
total number of shocks. Where information as to the temporal course of responding 
is required, a cumulative response-recorder is so connected to the control-circuit that 


——— 
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the stepping mechanism is actuated by every response, one event marker by response 
in the last x seconds, and another marker by shock-onset. 

There are several extinction procedures of interest in relation to Sidman training, 
two of them particularly appropriate to Conditions 7 and 8. One is simply to 
eliminate shock, which is accomplished by turning off H;. A second is to schedule 
regularly recurring shocks independently of the animal's behavior; when Ss is open, 
Hı is not reset by response (that is, shock is not postponed), although, when Sı 
is the position W, shock remains on (once it has come on) until terminated by 
response. Two further extinction procedures are appropriate to Conditions 3 and 4. 
In the first, interval-response resets Hı, thus postponing the signal or terminating 
it if it has already begun, but there is no shock for failure of response to the signal ; 
with the shocking voltage reduced to zero, S; in position H, and the shock-timer set 
for a fraction of a second, H, is reset without shock at the end of the CS-interval. 
In the second, accomplished by opening Ss, response to the signal resets Hı, but 


TO SHOCK SUPPLY Yn 
+ IS0x“0C 


Fic. 3. SHOCK-INTERRUPTING CIRCUIT 
(Ri, Ra, 250K; Rs, 10K, 5 w., wire-wound ; Rs, 1K, 14 w., carbon; V3, 6C4; 
Cı, 1.0 uf., 400 v.; RL, Potter and Brumfield No. MH11LM.) 


interval-response does not; whether the animal is shocked for failure of response to 
the signal depends on whether the shocking voltage is reduced to zero. 

There is liberal use of arc-suppression in this apparatus to protect relay-contacts 
and thus to insure reliability of operation. The diode which protects the contacts of 
the response-relay, Rs, is an M500. A ratchet-relay of good quality (e.g. Potter and 
Brumfield No. PC11A) is required, with gold-flashed contacts and a separate dust- 
cover, because the photocell-circuits are very ‘dry’ and may be prevented from operat- 
ing by a small bit of dust or tarnish on the contacts. The CS-timer and the shock- 
timer are of the stalled motor-clutch variety and reset with the removal of voltage. 


Shock-interrupter. A switch in the master control-panel enables E to 
choose one of two shocking circuits—a constant-voltage supply for the fish 
and other aquatic forms, and a constant-current supply for non-aquatic 
forms. Since continuous shock at a level high enough to be effective tends 
to tetanize the fish and certain other animals, we use the shock-interrupter 
shown in Fig. 3. 

The circuit is fairly simple, but it was hit upon only after some false starts with 


thyratrons. Rs, Rs is a voltage-divider which keeps the relay, RL, in the plate- 
circuit from being energized. (In the interests of reliability, RL is a 10,000 9, 
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sealed relay.) The novel feature of this circuit is that the on-time and the off-time 
can be set independently. For the present purpose, Rı is a fixed resistance which 
gives a 0.25-sec. on-time; the off-time is varied by adjusting Rs. The x in the B+ 
line shows the place at which the circuit is energized by Rls of Fig. 2; since the 
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FiG. 4. THE PERFORMANCE OF TWENTY GOLDFISH IN A CONVENTIONAL 
AVOIDANCE PROBLEM 
(Ten trials per day were given with a CS-US interval of 10 sec. and an average 


intertrial interval of 3 min.) 


contacts of RL in series with the electrodes are normally closed, the animal is 
shocked as soon as RL is energized. 

Sample results obtained with this apparatus are presented in Fig. 4. 
The curves show mean log latency of response and probability of avoidance 
for 20 goldfish given 20 trials of training under Condition 1 (Warner) 
with a 10-sec. CS-US interval. The apparatus functioned in the manual 
Warner-Hunter mode. 
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THE FORCE-PLATFORM: INSTRUMENT FOR SELECTING 
AND TRAINING EMPLOYEES 


By James W. BARANY, and JAMES H. GREENE, Purdue University 


In 1949, a French engineer, Lucien Lauru, developed an instrument 
which he called the “Effort-detector.”* This device utilized the unique 
property of pizo-electric crystals which enable them to emit a small electric 
impulse that is proportionate to the amount of externally applied pressure. 
Five such crystals were incorporated into a triangular platform in such 
a manner that they would sense the orthogonal components of the forces 
exerted by an operator whenever a body-movement is made while perform- 
ing on the apparatus. After proper amplifications, the emitted electric 
impulses are recorded to produce a graphic picture of the forces in the 
vertical, horizontal, and transverse planes required to execute a specific 
movement. 

A force-platform designed and constructed recently under the auspices 
of the Purdue Farm Cardiac Project (Fig. 1) has revealed some inter- 
esting characteristics? The device is a highly sensitive instrument for the 
measurement of forces exerted by an operator over a period of time. In 
fact, the apparatus is so sensitive that it can detect the heart beat of S 
standing on the platform. The purpose of this paper is to discuss some of 
the practical problems in applied psychology that might be solved by this 
device. 

Muscular skill can be defined as the ability to regulate the degree of force and the 
direction of force exerted during an operation.’ A highly skilled individual makes 
different movements, or the same movements, more quickly and exhibits fewer stops 
or hesitations than a less skilled operator. The reason some operators perform better 
than others is their ability to establish a rhythmic pattern with few extra or false 
motions. Production personnel for many jobs should be selected on the basis of co- — 
ordination of gross body-movements and their sense of timing or rhythm. The force- 
platform would be used as a personnel-selection tool for predicting future success 
on jobs requiring rhythmic patterns of motion. 


Another area of application would be in the field of personnel training based upon 
Base ee eee 


* Lucien Lauru, Physiological study of motions, Advanced Management, 22, 1957, 
-24 


*J. H. Greene and W. H. M. Morris, The force platform: An industrial cones 
ing tool, J. Ind. Engr., 9, 1958; 128-132. The design of a force platform for wo 
measurement, J. Ind. Engr., 10, 1959, 312-317. 

* Abraham Cohen, Time-Study and Common Sense, 1947, 26. 
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the principles of movement-analysis as defined by Lindahl.‘ This method has been 
successfully employed in the training of operators for cutting small tungsten disks on 
a machine using a rotary, abrasive, cutting wheel. Lindahl constructed a simple 
graphic recording device to establish the stroke pattern of the abrasive wheel. These 
graphic representations of the cutting cycles were shown to the trainees to point out 
specific errors in their performance. Unfortunately, the physical design of the ma- 
chinery involved in many industrial situations makes it impossible to adopt this 
procedure. 

Fig. 2 gives some indication of how the force-platform could be used for selection 
and training employees. The graphs show the frontal forces exerted by 3 Ss (men) 


Fic. 1. PURDUE FoRCE-PLATFORM 


performing a simple experiment with a foot-lever. The operator had to push with a 
35-Ib. force at a rate of 44 strokes per min. Sı was in excellent physical condition and 
had spent most of his life on a farm doing physical work including the operation of 
tractors equipped with foot-pedals similar to those used in the experiment; $: was 
an athlete but had never worked extensively on a job requiring muscular exertion; 
and Ss had little contact with physical activities either in his vocation or avocation. 

It is quite apparent that Sı pushed the foot-pedal in one quick surge of power, 
while S: took a little longer, and Ss took still longer. The results were that Si did 
his task in one movement and rested between strokes while, at the other extreme, Ss 
spent most of the cycle time with his muscle contracted against the foot-lever. This 


“L. G. Lindahl, Movement analysis as an industrial training method, J. appl. 
Psychol., 1945, 29, 420-436. 
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gross example does indicate how the force-platform could be used for personnel 
selection. A person familiar with reading these diagrams can detect even minor varia- 
tions in the tracings. 

The platform could be installed next to a machine to record the movements of the 
operator while performing the operation. Its greatest value, however, lies in formu- 
lating programs in vestibular training. Here a simplified mock-up of the operation 
could be constructed around the force-platform. New trainees would be able to have 
a continuous record of their progress and could see graphically the target, the pattern 


Fic. 2. GRAPHIC RECORDS FROM THE FORCE-PLATFORM 
(1) Record of S:, age 22 yr., height 6 ft, weight 175 lb., medium build, athlete 
and farm hand; (2) Record of S», age 22 yr., height 5 ft. 11 in., weight 170 lb., 
medium build, athlete; (3) Record of Ss, age 22 yr., height 5 ft. 9 in., weight 155 
lb., medium build, nonathletic. 


of motion, they are trying to achieve. Progress could be easily measured by placing 
the trainee's force-pattern next to the pattern established by the skilled operator. 


The future developments of the force-platform could be in the area of 
applied psychology for the purpose of selecting and training employees. This 
device, which detects and transcribes the movements of an operator, could be 
used to determine the ideal work-patterns and then to show the worker 
how to do the task in the best possible way. 
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The apparatus may also be employed in pure research. For example: the 
force-platform could be used to study the onset of physiological fatigue with 
its accompanying loss of codrdination; for experiments concerned with the 
acquisition of motor skills; as a technique for checking the various hypothe- 
ses resulting from different theories on learning; for analysis of movements 
in reaction-time studies; and perhaps it could even be used as a means of 
qualtifying the activity-level of a client in an interview-situation. In fact, 
a miniature model of the platform could be used in comparative psychology 
in order to measure the reaction of a rodent to electrical shock or some other 
noxious stimulus. Undoubtedly, the research oriented psychologist can think 
of many other possible applications of this instrument." 


'The authors acknowledge the assistance of Dr. W. H. M. Morris, Associate 
Professor of Agricultural Economics, in designing the platform. 


A SIMPLIFIED ELECTRODE-ASSEMBLY FOR IMPLANTING 
CHRONIC ELECTRODES IN THE BRAINS OF 
SMALL ANIMALS 


By ELLIOT S. VALENSTEIN and WILLIAM Hopos, Walter Reed Institute of 
Research, and Larry STEIN, Wyeth Institute for Medical Research 


Several techniques have been described for implanting multiple elec- 
trodes in the brains of large laboratory animals. With smaller animals, 
such as the rat and guinea pig, it is more difficult due to the limitations of 
space and to the fragility of the skull. For the past two years, we have used 
a method which enables us to place at least four electrodes in the rat's 
brain. Many of our Ss have been tested daily for periods in excess of one 
year, and the method has proven to be completely reliable. All components 
are easily accessible, and the assembly has the advantage of simplicity of 
construction and economy. The technique has proven to be equally useful 
for stimulation and for recording, and it is applicable to a wide variety 
of laboratory animals. 

Construction of electrodes. The electrode-pedestal and the male-con- 
nector both are constructed from size 6-32 threaded nylon rods which can 
be purchased in convenient lengths.? The nylon may be cut with a scalpel 
blade into approximately 5/16-in. segments. With larger animals, it is de- 
sirable to cut the nylon in 14-in. lengths. Two longitudinal holes, 0.032-in. 
(drill bit #67) in diameter, with centers 0.045 in. apart, are drilled 
through the nylon rods. It is desirable to place these holes at equal dis- 
tances from the center, which can best be accomplished with the aid of a 
simple jig that holds the nylon rod and guides the drill bits. 

The point of a 21-gauge hypodermic needle is cut off with a fine emery 
wheel and then forced into one of the holes until approximately 1⁄4 in. ex- 
tends out the opposite side. We have found 0.010-in. stainless steel wire, 


1J, M. Burlo, A multiple electrode for depth recording, EEG Clin. Neuro hysiol., 
7, 1955, 655; J. M. R. Delgado, Evaluation of permanent implantation of electrodes 
within the brain, EGG Clin. Neurophysiol, 7, 1955, 637-644; G. C. Sheatz, Multi- 
lead electrode holders in chronic preparations, In D. E. Sheer (ed.), Electrical 
Stimulation of the Brain, in press. 

2 The threaded nylon rods and nuts are manufactured by the Weckesser Company, 
5701 Northwest Highway, Chicago 30, Illinois. 
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which can be obtained quadruple insulated from the factory, very con- 
venient for macro-stimulation and recording. Approximately ¥ in. of in- 
sulation is scraped from a section of wire 5-6 in. long; the bared wire is 
inserted into the hypodermic needle and crimped with a pair of blunted 
diagnoal wire cutters (Fig. 1 A). The hypodermic needle now is pulled 
back until the cut end is flush with the bottom end of the nylon rod. The 
emery wheel is used for cutting the needle flush with the top end of the 
rod (Fig. 1 B). This procedure is repeated on the other side. The ends of 
the electrode-wire are inserted in a drill press and, while the nylon pedestal 


Fic. 1. VARIOUS STAGES IN THE CONSTRUCTION OF THE ELECTRODE-ASSEMBLY AND 
MALE-CONNECTOR 
(A) Hypodermic needle has been forced through hole in pedestal and is shown 
being crimped to electrode wire. (B) Two electrodes are shown emerging from 
bottom end of pedestal. Emery wheel is used to cut hypodermic needle flush with 
top of pedestal. (C) Side and top view of finished electrode, and side view of male- 
connector and threaded, locking collar. 


is held, the wire is braided at a slow speed. Fig. 1 C illustrates the braided 
electrode wire. The electrode is cut to a convenient length for storing, then 
dipped in a vinyl lacquer up to the base of the pedestal, and left to dry 
for 24 hr. 

The male-connectors are made essentially the same way, except that 
0.018-in. steel, spring wire (piano-wire) is used instead of the electrode- 
wire. The piano-wire should extend approximately 3/16 in. beyond the 


* Type 316 stainless steel wire (quadruple insulated) may be obtained in sizes 
0.003, 0.005, 0.007 and 0.010 in, from the Driver-Harris Company, Harrison, New 


Jersey. 
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nylon rod. A threaded collar, which is used to tie the connector to the 
electrode, can be made easily from a nylon rod, or nylon nuts can be 
purchased with the threaded nylon rods. Fig. 1 C illustrates a top and 
side view of the electrode-assembly and a side view of the male-connector. 
Hearing-aid cords, which can withstand considerable twisting without break- 
ing, have been found useful for work with unrestrained animals. 
Implantation. Prior to implantation, the electrode must be cut to proper 
length. It is desirable to have the base of the pedestal resting either di- 
rectly on the skull or so close to it that it does not extend too high. When 
bony landmarks are used for stereotaxic implantation, it is easy to esti- 


FIG. 2. A Rat's SKULL PREPARED FOR IMPLANTATION OF ELECTRODES. 


mate the length of the electrode. With monkeys and cats, it is useful to 
have several skulls available. The electrode can be cut with sharp wire- 
cutters, and, if desired, the enamel may be scraped back farther with a 
scalpel blade; with a little care it is not difficult to cut each member of the 
pair to a different length for recording or stimulating between points some 
distance apart. 

Fig. 2 illustrates the skull of a rat which has been prepared for implanta- 
tion. The electrode can be held conveniently in a rod that has a 6-32 in- 
ternal thread. Three stainless steel screws, size 0-80, with round heads 
(1% in. long for rodents; 3/16 in. for larger animals), have been screwed 
into the skull. When the skull has previously been drilled with a #56 
bit, these screws will tap themselves into the skull and anchor securely 
with a few turns. The screws help to bind the cement to the skull. Shallow 
holes also are drilled into the skull to serve as additional gripping points 
for cement. The electrode then is inserted, and an acrylic cement is 
placed over the skull, the screws, and half way up the pedestal. We have 
found cranioplastic cement to be very desirable for this purpose, since it 
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generates relatively little heat and makes an excellent bond with skull, 
screws, and nylon pedestal. As this cement requires 15-20 min. to set 
completely, there is sufficient time to mold the cement smoothly over the 
skull, The threads on the nylon pedestal serve as a means of locking the 
connector and electrode-assembly together (Fig. 3), not for threading into 
the skull during implantation. If more than one electrode is to be inserted, 
a quick-drying cement can be used to anchor all but the last electrode, and 
the cranioplastic material used for the final molding. If the skin-incision is 
made to one side, the pedestals may be inserted through stab-wounds in 
the skin, and suturing can be accomplished at a distance from the pedestals. 


Fic. 3. View oF A RAT WITH THREE ELECTRODES ONE MONTH 
FOLLOWING IMPLANTATION 
(The male-connector has been plugged into the posterior electrode.) 


Fig. 3 illustrates a rat with three pairs of electrodes, one of which has the 
male-connector in place. With this technique, it is possible to place four 
or five chronic electrodes in a rat's brain, provided that no pedestal be 
closer than 4.5 mm. to its neighbor. 

Indifferent electrodes for unipolar stimulation and recording also have 
been used with this technique by simply substituting a bared wire for one 
of the electrode-wires and placing the former in a tight coil on top of the 
skull under a convenient muscle, With little modification, the technique 
may be used with any size or type of wire preferred. The only change 
necessary is to substitute the appropriate size hypodermic needle, spring 
wire, and hole through the nylon pedestal. 

“The cranioplastic cement is manufactured by the L. D. Caulk Company, Milford, 


Delaware and is distributed as a Cranioplastic Kit (N-196) by Codman and Shurt- 
leff, Inc., 104 Brookline Avenue, Boston 15, Massachusetts. 
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A VIDEO-MOTOR BOARD 


Many pegboards currently in use give adequate measurement of finger dexterity 
or of eye-hand codrdination on a small work surface. In many cases, however, gross 
arm movements ate more predictive of on-the-job performance than are fine finger 
movements. Size of a motor skills pegboard, therefore, is a very important aspect 
of its construction. The Shurrager Video-Motor Board was designed to allow for a 
large test-area in which measurements of ‘pick-up,’ ‘transport,’ and ‘release’ could 
be obtained. Several variations of this board have been used at the psychological 
laboratory of this Institution and tested in industry. The latest variation is described 
here. 

The total video-motor board is assembled from six separate components: Four 
die-molded, laminated, plastic boards 123% X 8% in. each containing 25 holes 
54-in. square and 5%-in. deep arranged in five rows. Horizontal distance between 


Fic. 1. THE SHURRAGER VIDEO-MoToR BOARD 


holes is 134 in.; vertical distance between holes is 34 in. Two die-molded, lam- 
inated, plastic boards 81% X 7/2 in., each containing five pairs of grooves 25% in. 
long, 54 in. wide, and 5% in. deep. Pegs, 1⁄2 in. square, have been cut in lengths of 
11%-in. from 1⁄-in. square aluminum rods. The pegs fit loosely into the holes and 
grooves. 

The component boards are backed with steel which makes possible the use of 
magnetic metal pegs or of magnetized rubber pegs where such are desired to sim- 
ulate actual assembly operations or when work-surface angle is a factor. The steel 
back is covered with a soft rubber backing to prevent slipping. When all six boards 
are used, the minimal size of the apparatus is 32⁄4 X 16% in. Obviously, there is 
no maximal size, since the parts may be separated as widely as is desired (see 
Fig. 1). 

Time- and error-scores have been derived from the board for six elements: (1) 
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*Out-in’; a bimanual operation in which the pegs are moved from the sides into 
the middle grooves. (2) ‘In-out’; a bimanual operation in which the pegs are 
moved from the middle grooves to the original position of Element 1. (3) ‘Right- 
cross’; a mono-manual operation with the right hand in which pegs are moved 
from the lower right component to the upper left. (4) ‘Left-cross’; a mono-man- 
ual operation with the left hand in which the pegs are moved from the lower left 
component to the upper right. (5) ‘Right-back’; a mono-manual operation with the 
right hand in which the pegs are moved from the upper right to the lower right 
component. (6) ‘Left-back’; a mono-manual operation with the left hand in which 
the pegs are moved from the upper left to the lower left component (shown in 
Fig. 1). 

It is also possible to obtain scores from other elements such as ‘Left-up,’ ‘Right- 
up,’ etc. 

This apparatus has been used in several studies which range from purely applied 
research, such as testing work-surface angles, to more theoretical studies designed to 
show the contribution of the kinesthesis to intelligence test-scores of human Ss. 
This board has an important and often overlooked feature; namely, its adjustable 
size. Studies of motor learning may often be unproductive, so far as their theoretical 
contributions are concerned, because the movements measured are too small to allow 
for kinesthetic feedback. 

Our original boards were of one-piece construction, The new board, with its 
variable size, has proved much more satisfactory. 


Illinois Institute of Technology P. S. SHURRAGER 


NOTES AND DISCUSSIONS 


REVERSIBLE PERSPECTIVE AS A FUNCTION 
OF STIMULUS-INTENSITY 


Some years ago, Fisichelli reported the results of a number of experi- 
ments on reversible perspective using the Lissajous figures, and advanced 
the theory that the rate of reversal is a function of the amount of stimula- 
tion of a given set of nerve fibers.* This conclusion seemed well supported 
by the evidence. Since this work appeared, little advance in the under- 
standing of the factors responsible for reversible perspective has been made, 
but the question has developed additional interest as a result of Eysenck’s 
finding that the reversal rate is reduced in psychotics,* and Speakman’s 
that it is reduced in old people.® It is possible that further understanding 
of the processes taking place in psychosis and aging could be gained from 
a renewed consideration of the factors affecting rate of reversal. The im- 
plication of Fisichelli’s theory, taken in conjunction with the findings on 
psychosis and aging, appears to be that among psychotics and old people 
there is reduced sensitivity to stimulation. 

This argument needs strengthening at two points. In the first place, 
Fisichelli worked with the Lissajous figures while Eysenck used the Necker 
Cube and Speakman the Schroder staircase. It has been shown by Thurs- 
tone that a number of tests of the rate of reversible perspective are posi- 
tively intercorrelated.* It seems likely, therefore, that the Lissajous figures 
and the two dimensional figures are comparable tests and that it is legiti- 
mate to argue from one to the other. Nevertheless, a demonstration that 
reversal rate on the two dimensional figures is a function of the amount 
of stimulation is clearly desirable. Secondly, Fisichelli did not experiment 
with the variable of stimulus-intensity, which might be regarded as one 
of the simplest and most direct estimates of the amount of stimulation of 
the nerve fibers. Accordingly, on the basis of Fisichelli’s work two hypoth- 
eses have been set up. First, rate of reversal on the Necker Cube should 
be a function of amount of stimulation; and secondly, a further measure 
of the amount of stimulation can be derived from the stimulus-intensity, 


1V., R. Fisichelli, Reversible perspective in Lassajous figures: Some theoretical 
considerations, this JOURNAL, 60, 1947, 240-249. 

°H, J. Eysenck, The Scientific Study of Personality, 1952, 220. 

* Quoted by A. T. Welford in Ager, and Human Skill, 1958, 170. 
*L. L. Thurstone, The Factorial Study of Perception, 1944, 109. 
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and therefore stimulus-intensity should affect reversal rate on the Necker 
Cube. 

The apparatus consisted of a wooden box about 30 cm. square, in one 
side of which was a glass window painted black. A Necker Cube measur- 
ing 4 cm. square was scratched in the paint, so that the cube, when a 
lighted bulb was placed in the box, was clearly observable, Two degrees of 
illumination were used: a 25-w. and a 60-w. bulb. Twelve men, university 
students, were used as subjects (Ss). They sat about 2 m. from the box. 
After the nature of the reversal was explained to them, they were shown 
the cube until they reported reversals. When they had become familiar with 
their task, they were then asked to report, during a 30-sec. interval, the 
number of (1) spontaneous reversals and (2) of reversals that occurred 
when they were trying to prevent them. Half the Ss looked at the brighter 
cube first; half the dimmer. 

The mean reversal rates reported for the two conditions under the dif- 
ferent stimulus-intensities were as follows: Condition 1, 25-w. light, 7.51; 
60-w., 12.66 (t= 2.64, p > 0.05); Condition 2, 25-w., 3.75; 60-w., 
7.25 (£=5.00, p > 0.001). It will be observed there is a significant 
tendency for the Ss to report more reversals at the higher stimulus-in- 
tensity. 

The results confirm and extend Fisichelli’s theory that rate of reversal 
is a function of the amount of stimulation by showing that reversal rate is 
a function of stimulus-intensity and that the relationship holds for the 
Necker Cube as well as for the Lissajous figures. The wider implications 
of this finding seem to be twofold. In the first place, the demonstration 
that reversal rate depends on the intensity of the stimulus relates reversible 
perspective to Hull’s construct of stimulus-intensity dynamism (V) and 
thereby to a number of other phenomena. Secondly, the findings that psy- 
chotics and old people have a low reversal rate implies that psychotics and 
old people perceive stimuli less intensely or, in Hullian terms, have low 
values of V. 

An alternative explanation could be found in the concept of attention. It 
is possible that reversals are a function of attention, and that the present find- 
ings were obtained because one determinant of attention is stimulus-inten- 
sity.5 The implication of this explanation would be that there is a reduc- 
tion in the capacity for attention among psychotics and old people. Such 
an explanation accords well with recent work suggesting that psychotics 


* D, E, Broadbent, Perception and Communication, 1958, 298. 
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and old people have high inhibitory potentials and are impaired on tasks 
where sustained attention is required.® 
University of Exeter, England RICHARD LYNN 


DEPTH-PERCEPTION AND ASTIGMATISM 


Depth-phenomena described here were observed and investigated by 
the author whose eyes are astigmatic. These phenomena result from the fact 
that the astigmatism differs in kind and degree for each eye. When I 
look at a dot from a distance of 30 cm. with my right eye, I see it as two 
dots—one slightly above and to the left of the other. The lower dot is 
0.58 mm. (6’43” of angular value) to the left and about 1 mm. (12’10”) 
below the upper one. With my left eye, I see it similarly doubled; the 
lower dot is seen almost vertically beneath the upper one, 0.29 mm. 
(3’21”) to the left and 0.89 (10’11”) below the upper one. With the 
right eye, the lower dot looks larger and sharper than the upper; with 
the left eye, the upper looks larger and sharper than the lower. When I 
look at the dot binocularly from the same distance (30 cm.) I see again 
two dots; both approximately of the same sharpness and about the same 
size (effect of the summation of both images), but the upper one is farther 
away from me and the lower, which is nearer, is a bit to the left. 

When the observation is repeated with a vertical hair, or thin line drawn 
on a sheet of paper, similar results are obtained. With the right eye, I 
see two lines slightly displaced vertically and horizontally, the right line 
being sharp, the left thinner and blurred, With the left eye, I also see two 
lines, the right thin and blurred and the left sharp and clear, the lateral 
distance between the two lines being larger for the right eye than for the 
left; for both eyes the interspace between the two lines is filled up with a 
brownish blur, When viewing with both eyes, I see two lines displaced in 
space; the left one in front of and slightly lower than the right one and 
between them a brownish blur. Besides, I see the portion of the sheet of 
paper in the neighborhood of the left image nearer than that adjoining 
the right image, as if the sheet were broken by the two images of that line. 

These results are the same as those obtained from two dots or two lines 
similarly arranged on the two halves of a stereogram and combined in 
free stereoscopy or by the use of a stereoscope. 


* Pp. H. Venables and J. Tizard, Paradoxical effects in the reaction-times of schizo- 
phrenics, J. abnorm. soc. Psychol., 53, 1956, 220-224; Stephen Griew and Richard 
Lynn, The construct “reactive inhibition” in the interpretation of age changes in 
performance, Nature, 1960, 182. 
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If astigmatism is corrected in one eye by use of an appropriate lens that 
only one line is seen by that eye, then in binocular vision the so-called 
Panum Effect appears, i.e. two lines at different distances (right line nearer 
if the astigmatism is compensated by glass in the left eye and vice versa) ; 
this effect, however, is not so steady as in normal arrangement for stereo- 
scopic fusion. 

My eyes show varying differences in the kind and degree of astigmatism 
of the two eyes at different distances and consequently depth-differences 
between the two lines by binocular vision also change. 

The perception of depth obtained from astigmatic images confirms the 
laws of stereoscoping vision, especially the law of intersection of visual 
lines, and supports the theories of correspondence and disparity.? 

Ottawa, Canada J. L. ZAJAC 


ERRATUM 


Line 9, p. 523, in the article on “The effect of muscular involvement on 

sensitivity,” by J. H. McFarland, Heinz Werner, and Seymour Wapner 
(December, 1960, Vol. 73), should read: 
“visual field has been in terms of a corresponding distribution of rods and” 
The line of type that appears there is Line 13 that was marked for cor- 
rection in the page proof. The error in Line 13 was corrected but due to 
an accident occurring during this process, Line 9 fell out of place and the 
line of type removed from Line 13 was substituted for it—the article then 
being forthwith released for the presses. A curious error but one that no 
proofreader had an opportunity to catch. 


K. M. D. 


AN ACKNOWLEDGMENT 


The JOURNAL is indebted to Professor Leo Postman for the portrait and 
signature of Edward C. Tolman reproduced in the frontispiece of this 
number. The portrait is a reproduction of a photograph, taken while he 
was sitting for the painting that was presented to the University he so long 
served, which was completed shortly before his death. A full signature 
could not be obtained as he normally abbreviated his second name. 


K. M. D. 


1J. L. Zając, Depth perception of stereoscopic images resulting from fusion of 
crossed and uncrossed double images, this JOURNAL, 72, 1959, 163-183. 


NOTES AND DISCUSSIONS 135 


Edward Chace Tolman: 1886-1959 


Edward Chace Tolman was born in Newton, Massachusetts, on April 14, 
1886, of a well-to-do family. As he described it, the family had a Puritan 
tradition of hard work and a Quaker tradition, on his mother's side, of plain 
living and high thinking. These values stuck with Tolman throughout his 
life. 

His older brother, Richard, who later became a distinguished theoretical 
chemist and physicist at the California Institute of Technology, came to be 
for him an admired intellectual and scientific model and also a somewhat 
frightening rival. Edward Tolman followed his brother to the Massachu- 
setts Institute of Technology and in 1911 received his B.S. degree in elec- 
trochemistry. He then entered Harvard as a graduate student in the joint 
Department of Philosophy and Psychology. As he later explained it, this 
choice of psychology over physical science as a career reflected a combina- 
tion of feelings of inadequacy in mathematics and manipulative skill, a de- 
sire to study human conduct and to aid in the betterment of mankind, and 
a wish to avoid a field of science too closely competitive with his brother's. 

After receiving his doctor's degree from Harvard in 1915, Tolman be- 
came an instructor at Northwestern University for three years. In the 
meantime he made a trip to Germany where he had his first exposure to 
Gestalt psychology which later was strongly to color his thinking. 

Tolman’s distinguished career as a creative scientist and as a leader in 
the academic and social community spanned the four decades from 1918, 
when he came to the University of California in Berkeley as an instructor 
in psychology, until his death in Berkeley on November 19, 1959. His 
scientific eminence was recognized in the many honors bestowed upon him. 
He was elected a member of the Society of Experimental Psychologists 
in 1930, of the National Academy of Sciences in 1937, of the American 
Philosophical Society in 1947, of the American Academy of Arts and 
Sciences in 1949; and Honorary Fellow of the British Psychological Society 
in 1954. He was awarded honorary degrees by Yale, McGill and the Uni- 
versity of California. Posthumously he was elected Associate Member of 
the Société Francaise de Psychologie, and a member of the Sociedad Es- 
pafiola de Psicologia. 

He was president of the American Psychological Association in 1937, 
president of the Society for the Psychological Study of Social Issues in 
1940, vice-president of the American Association for the Advancement of 
Science in 1944, president of the APA’s Division of Theoretical-Experi- 
mental Psychology in 1946 and of its Division of General Psychology in 
1953, and co-president of the XIVth International Congress of Psychol- 
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ogy in 1954, In 1957, he received an award for Distinguished Scientific 
Contribution from the APA, with the following citation: 

For the creative and sustained pursuit of a theoretical integration of the multi- 
faceted data of psychology, not just its more circumscribed and amenable aspects; 
for forcing theorizing out of the mechanical and peripheral into the center of 
psychology without the loss of objectivity and discipline; for returning man to 
psychology by insisting upon molar behaviorism purposively organized as the unit 
of analysis, most explicitly illustrated in his purposive-cognitive theory of learning. 


Tolman’s scientific contributions are contained in two books and ap- 
proximately 100 articles published in scientific journals. His first articles, 
appearing in 1917-1918, while he was at Northwestern, were in the area 
of cognition, a foreshadowing of the strongly cognitive character of his 
later systematic formulations. These studies were, however, cast largely in 
the mold of classical introspective and associationistic problems—imageless 
thought, retroactive inhibition, association-time for pleasant and unpleasant 
words. As he later commented, “the behaviorist point of view had not yet 
really got into my blood.” 

It was soon after arriving in Berkeley that his thinking, stimulated 
partly by Watson’s work, turned strongly toward behaviorism, but it was 
behaviorism with a difference. In 1922, Tolman’s paper, “A new formula 
for behaviorism,” argued for a “true nonphysiological behaviorism,’” one 
whose concepts would be appropriate to the psychological level of descrip- 
tion and prediction and capable of bringing into a single framework all 
of the phenomena of psychology, including the subjective. He then 
plunged into this task, writing a series of articles which attempted to show 
how such ‘mentalistic’ concepts as sensation, emotion and consciousness 
could be translated into new objective behavioral terms, 

These ideas, greatly expanded and elaborated, were finally brought to- 
gether in his major book, Purposive Behavior in Animals and Men, 1932. 
Here he introduced the concept of behavior as molar, as having properties 
of its own, to be identified and described irrespective of the underlying 
physiological processes. This he set against the narrow molecular definition 
of behavior, typified in the “muscle-twitchism” of Watson, Tolman as- — 
serted that the distinctive features of molar behavior are its purposiveness 
and its cognitiveness. A crucial scientific task as he saw it was to treat 
these concepts of purpose and cognition objectively, avoiding the “taint of 
teleology or of subjectivism’’ by dealing only with observables, both on 
the side of the stimulus-situation and on the side of resultant behavior. 
He was thus an early proponent of a kind of operationalism (though he 
did not then so term it), conceived of independently of P. W. Bridgman. 
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In this book, Tolman presented his first major effort at a comprehensive 
theoretical scheme in which there would be place for all the kinds of vari- 
ables thought to be determinative of behavior and for their complex inter- 
relationships. The system conceived of mental processes as functional vari- 
ables intervening between stimuli, initiating physiological states, and the 
general heredity and past training of the organism, on the one hand, and 
final resulting responses, on the other. These “intervening variables” were 
conceptualized as various capacities of the organism and various purposive 
and cognitive determinants, e.g. demands, means-end-readinesses, dis- 
criminanda-expectations, manipulanda-expectations and sign-gestalt-expec- 
tations. 

Written in Tolman’s inimitable style, replete with his inventive ter- 
minology, proposing a highly original theoretical system and undertaking 
to show how a great range of data from experiments on animal learning 
and motivation could be organized within this scheme, it is obvious why 
this book came to have a profound and sustained impact on the field of 
psychology. 

In a series of articles that followed the book, Tolman elaborated the con- 
cept of intervening variables. As he conceived it, the study of behavior 
should properly be broken down into two separate sets of specifications: 
(1) the relationships between independent variables (e.g. stimulus-pat- 
terns) and intervening variables (e.g. purposes and cognitions); and (2) 
the relationships between intervening variables and the dependent variable 
of resultant behavior. This conceptual model widely influenced psycho- 
logical thinking and Clark Hull, for one, adopted it, though the sorts 
of intervening variables he chose were quite different from Tolman’s. In 
his presidential address in 1937 before the American Psychological As- 
sociation—"The determiners of behavior at a choice-point”—Tolman made 
use of the scheme of independent-intervening-dependent variables to sum- 
marize and interpret the evidence from a great variety of animal experi- 
ments, 

Tolman was a rate combination of system-builder and experimenter. 
Over the years he and his students carried out an active program of 
laboratory studies, mostly of rats. These studies may roughly be grouped 
under five main headings: (1) latent learning; (2) vicarious trial-and- 
error; (3) reward-expectancy; (4) ‘hypotheses’ in rats; and (5) spatial 
orientation and place-learning. All of these experiments were intended to 
be supportive of his theories, especially his central notion of the essentially 
cognitive character of the learning process. 

In Tolman’s view the important kind of learning is sign learning, the 
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learning of sign-significate relations. Learning is the acquiring of means- 
end-readinesses—beliefs about “what leads to what.” The organism thus 
typically learns a cognitive ‘map,’ not a mere movement-pattern. Habits for 
Tolman were of the nature of sign-gestalt-expectations. As he and Egon 
Brunswik pointed out in “The organism and the causal texture of the en- 
vironment” (1935), such expectancies, being necessarily based on probabil- 
ity-characteristics of the environment, are always provisional, that is to say, 
they are ‘hypotheses.’ 

Basic to Tolman’s thinking was the important distinction between learn- 
ing and performance, a distinction most sharply pointed up by the in- 
fluential and controversy-arousing experiments on latent learning in rats. 
Motivation he conceived of as affecting both performance and learning, 
but in quite different ways. Motivation drives the organism to performance, 
guided by existing cognitive structure. Motivation also facilitates the initial 
acquiring of the cognitive structure, but not through the simple S-R re- 
inforcement resulting from need-reduction as asserted in the Law of Effect, 
but through the emphasis given by rewards and punishments, which aids 
the formation of sign-significate connections. 

As a learning theorist Tolman primarily concerned himself with de- 
veloping a comprehensive account of all the kinds of factors which gov- 
ern learning; the details of the learning-process he left fairly vague. He 
rejected the notion of any form of monolithic learning-theory, such as S-R 
reinforcement or contiguity theory, maintaining, as for example in his 1949 
article, that “there is more than one kind of learning.” Here as everywhere 
in Tolman’s systematic thinking there is evidence of his open-mindedness to 
the ideas of other psychologists and his use of them, no matter what the 
psychologists’ theoretical persuasion. This catholicity was, however, no 
mere eclectic borrowing; in incorporating these diverse ideas, he transmuted 
them and fixed his distinctive stamp on them. 

In studying the successive stages of development of Tolman’s system it 
is easy to detect many of the sources of ideas that he sought to encompass. 
Indeed, he has himself pointed out some of them: Watson's behaviorism, 
the Gestalt psychologists, with their emphasis upon patterned wholes, Kurt 
Lewin and his concepts of valance, life space, etc., Egon Brunswik, with 
his stress upon the achievemental character of behavior. He was particularly 
receptive to ideas from his colleagues and students, Yet it was often he 
who in the first place stimulated in them the ideas for which he later gave 
them public credit. Though his system was unmistakably his system, he 
suffered no proprietarial paranoia about it. 

He acknowledged also his debt to contributions from Freudian theory, 
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from personality theory, from clinical and social psychology, and from 
anthropology and sociology. Tolman always regarded psychology as both a 
biological and a social science. 

His preoccupations with constructing a comprehensive scheme that 
could be extended to embrace all psychological phenomena, including the 
complexities of human thought and motivation, coupled with his basic con- 
cerns regarding various problems of man and society, led him in a number 
of writings to theorize about some of these broader psychological questions. 
In an article published in 1938 he stated the provocative view that just as 
an adequate psychology is a precondition for a complete physiology, so is 
an adequate sociology a precondition for a complete psychology. He sought 
in several articles to analyze the processes through which man’s primary 
biological needs become transformed into secondary social needs and thus 
influence his behavior and the nature of the society in which he lives. In 
Drives toward War, published early in World War II, he took concepts 
derived from his thinking about rat behavior, combined with certain Freu- 
dian notions, and attempted to apply them to an understanding of the 
motivations which lead to war. 

Tolman never ceased revising his system. His latest statement of it, full 
as always of innovation, appeared in 1959. The detailed architecture of the 
theoretical edifice changed in many features over the years, for it was 
always intended to be a highly functional design, responsive to new psy- 
chological problems and new findings; but the basic logic and plan of the 
edifice, with its twin foundations of purpose and cognition, remained firmly 
set throughout. 

The fertility of the system can best be judged in terms of the rich variety 
of experiments to which it led, both in support and in rebuttal of his 
theories. Because the specification of relationships in the system was far 
from rigorous, these various experiments could not be regarded as crucial 
tests of the validity of the system. Tolman’s intervening variables were 
more in the nature of qualitative generalizations that serve to categorize and 
sum up various empirically discovered relationships. He made few, if any, 
precise quantitative predictions from his theories. Indeed, he was skeptical 
in our present stage of psychological science of the value of mathematiza- 
tion, of refinement of measurement, of axiomatic and deductive methods. 
The true significance of his system lay, then, not in its power to yield 
logical deductions, but in its power to generate new ideas, to add new ex- 
perimental questions, to call attention to unexplored regions of functional 
relationships in the comprehensive map of psychological processes that Tol- 
man endeavored to draw. 
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Among the most significant contributions to psychology from Tolman’s 
systematic thinking would seem to have been these: his conception of molar 
behavior and its essential purposive and cognitive character; his central 
use of the notion of expectancy; his view of the learning process as the 
acquiring of cognitive maps; his crucial distinction between learning and 
performance; his development and use of the concept of intervening vari- 
ables; his insistence upon the necessity for encompassing all the different 
kinds of psychological variables in a single unified scheme. The pervasive 
influence of these basic ideas throughout contemporary psychological theory 
is plain to see. 

Tolman the scientist was not separable from Tolman the teacher and the 
citizen. Throughout the many years in Berkeley his constructive influence 
was powerfully felt both within the University and within the community. 
He successfully led the protracted fight of the Berkeley faculty against the 
imposition of a loyalty oath. It is a fitting tribute to the dignity and in- 
tegrity with which Tolman waged this struggle that in 1959 the Regents 
of the University of California conferred upon him the honorary LL.D. 
degree. 

In the affairs of the Department of Psychology his wisdom, tact, and 
unfailing generosity contributed immeasurably to the well-being of the de- 
partment. For his colleagues he was a constant source of personal strength 
and intellectual stimulation. In all these activities his wife, Kathleen Drew 
Tolman, played an indispensable supportive role for him. Theirs was an 
extraordinarily happy marriage. 

Tolman’s greatness as a teacher lay partly in the fact that he did not 
undertake to teach. It was not in his temperament to give a highly or- 
ganized lecture presenting well thought through material; as he talked, 
new ideas continuously flooded his mind, new difficulties in what he was 
saying occurred to him, and he felt impelled to stop and worry out these 
problems and ideas right there and then. Students did not leave his classes 
with tidy lecture notes, but they did carry away with them enlarged minds 
and a vision of scientific psychology as an exciting intellectual enterprise. 

Perhaps most of all they benefited from intimate contact with a creative 
mind. For Tolman indisputably displayed the essential traits of the truly 
creative person, His basic spontaneity showed itself not only in his cogni- 
tive processes but also in his general behavior. He was receptive to the 
world of ideas around him. He was sensitive to the subtleties of phenomena 
(perhaps the reason that Wolfgang Köhler once called him a “crypto- 
phenomenologist.”") Spatial imagery and metaphor (e.g. the "schematic 
sowbug”) were for him indispensable parts of his creative thinking. He 
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sought to achieve systematic order but not at cost of undue simplification; 
he was able to tolerate a good deal of ambiguity and even disorder in seek- 
ing the larger, comprehensive unity. 

Throughout his long career he showed a sustained commitment to his 
creative aims. He deeply valued the professional recognition of his work. 
Though he could view his work with detached humor, he never wavered 
in his deep conviction of the essential worth and validity of the under- 
taking. He did not find the act of creation easy. He had his proper share 
of creative misery; but despite this he found intrinsic joy in the enterprise. 

Tolman’s last published article, an address delivered by him in receiving 
the award of the American Psychological Association for “Distinguished 
Scientific Contribution,” clearly exhibits the same freshness and flexibility 
of outlook, wry self-depreciation, and pleasurable anticipation of work to 
come that characterized all of his writing. Some quotations from the final 
passages of this last writing are typically Tolman: 

This is really all I have to say. It is not too brilliant an account; but I do want 
to point out that such experiments were fun to do, although they took a long time 
and although the results when we got them persisted in being slight, confused, and 
somewhat sleazy. They did give us, anyway, a beautiful chance to speculate about 
vector models, and this, too, was fun. But, whether such experiments or such models 
will in the end have any world-shattering importance seems doubtful. . . . But as 
it is, I am stuck with these sorts of data and these sorts of models, and I intend to 
go on playing with them. . . . In short, we will have a delightful time and absolutely 
no dull moments. 

University of California, Berkeley RICHARD S. CRUTCHFIELD 
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Psychology: A Study of a Science: Study 1. Conceptual and Systematic. Vol. 2. 
General Systematic Formulations, Learning, and Special Processes, Edited by 
SicMuND Kocu. New York, McGraw-Hill Book Company, Inc., 1959. Pp. x, 706. 
$10.00. 

This is the second of seven volumes projected by the Policy and Planning Board 
of the American Psychological Association with the purpose of analyzing the 
“methodological, theoretical, and empirical status of psychological science.” As the 
title suggests, the twelve chapters by no means parallel one another. The “general 
systematic formulations” include essays by Dorwin Cartwright (“Lewinian Theory 
as a Contemporary Systematic Framework”), by Edward C. Tolman (“Principles of 
Purposive Behavior’), by Edwin R. Guthrie (“Association by Contiguity” ), by 
Neal E. Miller (“Liberalization of Basic S-R Concepts”), by Frank A. Logan 
(“The Hull-Spence Approach”) and by B. F. Skinner (“A Case History in Scientific 
Method”). In contrast to the broad scope of these contributions are three essays on 
particular approaches to or aspects of learning, “The Statistical Approach to 
Learning Theory” by W. K. Estes, “Learning Set and Error Factor Theory” by 
Harry F. Harlow, and “Rote Learning” by Arthur L. Irion. And in some other 
category or categories altogether are the last three chapters, “Some Recent Trends 
in Ethology” by R. A. Hinde, “Information Theory” by F. C. Frick, and “Linear 
Frequency Theory as Behavior Theory” by Douglas E. Elson. The diversity of these 
twelve offerings makes it impossible to review the volume as a whole by comparing 
the contributions in any way. It is true that the authors were given an outline with 
suggested themes of analysis, such as “structure of the system as thus far de- 
veloped,” “systematic and empirical definitions of independent, intervening, and 
dependent variables,” “degree of programmaticity.” These themes are, however, 
manifestly unsuited to the subject matter of some of the essays and the authors 
were permitted to follow them or disregard them as they chose. 

The individual contributions must, in the final analysis, be evaluated by them- 
selves, for they are unique. This will be done by readers of the book, for it can 
be pretty safely predicted that they will sample it piece-meal, rather than read it 
through. But a lone reviewer would be brash, indeed, to attempt such a program, 
for some of the offerings are highly specialized. I will attempt, then, to find a few 
general trends in the book as a whole. What is the science like, to judge from this 
book? How has it changed, from earlier days? 

Murchison said, in his preface to the Psychologies of 1925: “We have here a 
genuine cross-section of contemporary theoretical psychology. Here are the norms 
with which future psychologies can be compared. Here are the principles that are 
up-to-date through the year 1925” (p. 1). The psychologies of 1925 abounded in sys- 
tematic controversy. There were S-R theorists (Watson, Hunter), cognitive theorists 
(Bentley, Koftka, Köhler), and the advocates of motivation or purpose (Prince, and 


142 


BOOK REVIEWS 143 


MacDougall). These positions have their descendents in 1960, of course, but on 
the whole the systems have moved in the direction of Woodworth, who even in 
1925 was fitting motivation and cognition into an S-R framework. In 1960, every- 
body incorporates motivation in one role or another (perhaps especially Lewin, Tol- 
man, and Miller) and nobody wants to leave out thinking. Everybody wants to work 
with animals as well as people (except perhaps Lewin?), so the Ss and Rs are 
always in the picture. 

This does not mean that there are no longer controversies. But the controversies 
are different. They seem to be mostly centered around “intervening variables” and 
methodological issues. Tolman, referring to intervening variables, says “This is 
where the schools differ” (p. 147). They may be many, as in Hull’s elaborate system 
of constructs, or they may be absent, as in Skinner. They may be phenomenological 
(“expectations”), they may be pure constructs (“excitatory potential,” “life space”), 
they may be “mediating” responses (either observable ones or “central responses”), 
they may be “sets,” with status dubious. Just about all of the concepts which are new 
since 1925 fall in this area. They overlap—habit, inhibition, and drive are most 
frequently given some special title, definition, and systematic function. The diversity 
is still great. 

The big issues, in 1960, appear to be methodological. The persistent questions 
are concerned with the right kind of theory-construction, experimental design, 
quantification, and statistics. An intense and self-conscious interest in construction 
of theory characterizes the book—not so much the substance of the theory but 
how it should be made. The “theoretical model” is a recurrent phrase (though 
Tolman calls it a “sloppy synonym’). Hull's logico-deductive method was the 
beginning of this trend, but except for Spence he has had few followers in this 
particular method. There seems even to be a trend away from logical formality. 
Miller's “liberalization” of the S-R approach is well-named, for he has departed 
widely from Hull in formal aspects. Lewin wanted a system of constructs, logically 
related, but he was even more anxious to treat “the full empirical reality of human 
experience” (p. 11), and thought violence was often done by the search for logical 
formulae and scaled variables. Skinner is an anti-formalist and the hypothetico-deduc- 
tive method comes in for a good deal of sarcasm from him. 

The really new chapters in the book, in the sense that they were utterly unpre- 
dictable in 1925, are the ones concerned with statistical models, information-theory, 
and linear frequency-theory. These are not theories in the old sense, but models 
geared for quantification. Quantification has come a long way since 1925, but even 
here one finds areas of disagreement. Hull, of course, was most anxious for quanti- 
fication of his system; but still, many of the derivations had to be in terms of 
greater than or less than, instead of precise quantities. Tolman, as well as Lewin, 
has always been reasonably content with the greater-than language, and finds psy- 
chology today cartied away into a flight into too much statistics and too great @ 
mathematization, Skinner finds the cumulative curve, which makes behavior ‘visible,’ 
the ideal method of quantification, making statistics unnecessary. Miller believes 
worth while a “rigorous though qualitative approach which first determines the 
general significance of the variables, and then goes on to narrow down the choice 
toward a more exact quantitative function” (p. 286). Estes, in a 111 page chapter on 
the statistical approach to learning theory, is representative of a sizeable vanguard who 
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want precise quantitative description and empirical “moorings” defined in terms of 
response-probability. Despite the empirical emphasis, this approach requires a 
number of basic assumptions, such as random fluctuation of stimulus-clements. 
Quantitative predictions yielded so far apply only to experimental situations simpli- 
fied enough to permit unambiguous identification of stimulus and response-variables. 
The novelty of the approach is not its new psychological insights but that “all 
linkages among constructs are explicit and determinate and all derivations of theo- 
rems are accomplished by an exact mathematical reasoning” (p. 472). 

The chapter on rote learning seems a bit of an anachronism in this volume, since 
its author states that neither the problems nor the methods in this field have changed 
materially since Ebbinghaus’ initial work. He sees hope for this area in greater 
standardization of procedures. But actually the new methods have penetrated to 
some extent—Hull’s mathematico-deductive theory, statistical learning theory, and 
a few applications of information theory might be cited. 

The chapter on ethology is also in considerable contrast to the theory-building 
and quantitative trends of 1960. The ethologist’s aim is qualitative description and 
classification with quantitative work envisioned as a final and remote stage. Con- 
structs are used by ethologists (¢.g. “innate releasing mechanism’) but there is little 
attempt at formal systematizing, just as there is rarely an atempt at precise quantifi- 
cation. Principles, when stated at all, are informal and are apt to be very close to 
the phenomena observed. 

Contemplating these chapters together, it would seem that the major division in 
psychology today is between the theorists who seek laws within an elaborate system 
of constructs and those who seek laws of behavior which are above-all empirical. 
This is not to say that the former do not want data or that the latter have no con- 
structs, but there is a great difference in emphasis between deriving a law from a 
group of carefully stated assumptions and finding it in the data. 

How are these positions to be evaluated? The authors themselves differ markedly 
in criteria for evaluation. The criterion is “fun” according to Tolman, “knowledge” 
according to Guthrie, “control” according to Skinner, and fruitfulness in producing 
research or generating hypotheses according to others. Since this is only one of 
seven volumes, the appraisal of the science of psychology today can be left, happily, 
to some future reviewer of the whole. 


Cornell University ELEANOR J, GIBSON 


The Neuropsychology of Lashley. Selected Papers of K. S. Lashley, Edited by 
Frank A, Beach, DONALD O. Hess, CLIFFORD T. MORGAN and Henry W. NIS- 
SEN. Introduction: Lashley and Cortical Integration by Epwin G. BORING; A Salute 
from Neurologists by STANLEY Coss. New York, McGraw-Hill Book Company, 
Inc., 1960, Pp. xx, 564. $9.50. 

This memorial collection of Lashley’s writings includes 31 articles selected from 
a total bibliography of 109 titles, not counting book reviews. Nearly all the 
articles are reprinted without substantial deletions. Students of brain and behavior 
who have had to consult dozens of different journals in the past will therefore find 
this volume exceedingly useful. If the 1929 monograph Brain Mechanisms and 
Intelligence is excluded as being widely available, this collection represents roughly 
one-third of Lashley’s output. Articles were selected to “reflect Lashley’s interests 
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and achievements, to avoid duplication and to hold the size of the final product 
within reasonable limits,” 

The editors, four distinguished students and associates of Lashley, express the 
hope in their Foreword that “this volume will stand as a modest tribute to Karl $. 
Lashley, man and scientist, and that it will constitute a useful addition to the sci- 
entific literature.” A dual introduction, Lashley and Cortical Integration, by Edwin G. 
Boring, and A Salute from Neurologists, by Stanley Cobb, makes explicit recognition 
of Lashley’s contributions, both to psychological and neurological thought, Professor 
Boring’s paper is more than an appreciation. It traces the broad outlines of Lash- 
ley's professional career, cites the salient features in the development of his thinking 
and seeks to evaluate his impact on psychology. (Other memoirs of Lashley include 
that by F. Walshe in Neurology, 1958; Leonard Carmichael in the American Philo- 
sophical Society Year Book for 1958; D. O. Hebb in this JOURNAL, 1959; and 
F. C. Bartlett in Biographical Memoirs of Fellows of the Royal Society, 1960.) 

Lashley's papers are arranged in chronological order with no attempt to re-group 
or categorize. The volume begins with Notes on the Nesting Activity of the Noddy 
and Sooty Terns (1915), a paper which demonstrated quite early Lashley’s excellence 
as observer and recorder of protocols. Samples of early papers on inheritance in 
protozoa (1915) and salivary conditioning in man (1916) are given. The ablation 
and deprivation studies (1917-1943) are thoroughly represented, as are the critiques 
of the reflex and connectionism in general (1930). Experimental studies of sensory 
representation are covered (1934), as well as the somewhat cumbersome study of 
non-continuity in learning (1942), an issue which Lashley casually raised in the 
1929 monograph. The last four papers represent Lashley’s grand summary of thirty 
years of his experimental work and that of his students. The position of con- 
temporary neuropsychology is evaluated and a masterful exposition of current prob- 
lems is presented: the evolution of mind (1949), search for the engram (1950), 
serial order in behavior (1951), and finally cerebral organization and behavior 
(1958). The volume ends with a complete list of Lashley’s publications. 

A number of errors have crept into the text, but these are minor and do not 
detract from the value of the book. The chronological order of titles in the bibliog- 
raphy is occasionally violated and at least one title is actually omitted (Introduction 
to Paul H. Schiller's book on Instinctive Behavior, 1957). Date of publication of “In 
Search of the Engram” (1950), though cited in the bibliography and by Professor 
Boring in the Introduction, is omitted in the Editor's Note. 

The danger in assembling a selected sample of articles for republication in book 
form is that the omissions, since they remain scattered, tend to become neglected. 
It is important then to inquire whether any prominent papers have been omitted. 
Exclusion of the 1929 monograph and the outstanding critique of cortical cyto- 
architecture studies with George Clark is certainly justified by their great length. 
Unfortunately, the two short papers in which the reduplicated trace and interference 
pattern theories are developed (1931, 1942) are likewise omitted. Studies which 
might have found a place in the volume are the gold foil experiment with K. L. 
Chow and J. Semmes (1951), the anatomic contribution of thalamo-cortical rela- 
tions in the rat (1941), and the effects of destroying the visual association areas in 
monkeys (1948). This latter, together with the earlier rat and monkey work, de- 
veloped the model for subsequent ablation studies using Lashley'’s tests and brain 
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reconstruction techniques. The foray into the theory of libido (1924), though not 
an especially creditable performance, might have served to illustrate the wide range 
of Lashley’s interests. 

Though there could be no continuity between successive items in this volume, a 
number of threads stand out and can be followed in reading the papers chron- 
ologically. 

(1) Sensory and motor factors in recognition. The breadth of Lashley’s interests 
in this problem ranges from nest recognition by birds, the recognition of geometric 
pattern by rats reared normally and by rats surgically or environmentally deprived, 
to equivalence and transfer in the sensory and motor spheres throughout the 
phylogenetic scale. Kliiver’s deft handling of stimulus equivalence (1933) follows 
directly from his association with Lashley. 

(2) Attention and the central autonomous process. Stemming from the critique 
of the reflex and masterfully developed in the Hixon Symposium paper delivered in 
1948, the concept received systematic status in Hebb’s book, Organization of Be- 
havior (1949), and in Lashley's Vanuxem Lectures at Princeton University (1952), 
which were never published. 

(3) Dynamic and integrative activity of the cerebral cortex, “The pattern and 
not the location of energy . . . determines its functional effect. Spatial and temporal 
order . . . appear to be almost completely interchangeable in cerebral action” (1951). 
Lashley was never satisfied with KGhler’s rejection of connectionism, though he 
dismissed the idea of synaptic resistance (1924). A careful reading of the paper in 
the symposium on “Visual Mechanisms” (1942; not included in this volume) 
shows Lashley toying with an associative mechanism to achieve reduplication of the 
memory trace, 

The anatomic studies of Lorente de Nó (1934) have revealed a system of cross 
connections in the cortex which will permit the spread of excitation in any direction 
along the surface. Many adjacent neurons are capable of mutual excitation and 
the whole system is organized as a network, with loops of various lengths and 
complexity, capable of transmitting impulses from cell to cell across the cortex, of 
of re-exciting initial points of stimulation by the action of return circuits having 
diverse characteristics. 

"From such a structural organization functional properties may be inferred with 
some confidence. Excitation started at any point must spread from that point 
throughout the system. . . . If the system is uniform throughout, a series of radiat- 
ing waves should be produced. . . . The timing of the waves should be uniform, 
since it is dependent upon the speed of conduction and the refractory periods of the 
elements of the system. With several or many points of excitation, interference pat- 
terns will be formed” (p. 312-313; italics mine). This is a field theory to be sure, 
but not one that depends upon the existence of electrochemical gradients in cortical 
tissue. Hebb’s treatment of Köhler’s field theory and equipotentiality together (1949) 
has tended to obscure this point. 

Lashley paid only perfunctory attention to criticisms of his theoretical position. 
Though Hunter's objections to the concept of mass action did evoke a brief reply 
(1931; not included in this volume) and Spence’s counter position of continuity was 
criticized (1942), the demonstrated limitations of equipotentiality which appeared 
during the 1950s never disturbed him to the point of meriting treatment in the 
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literature. On the other hand, Lashley wryly repeated to his students and associates 
that he himself had disproved all neuropsychological theories including his own. 
Lashley’s flair for the dramatic provoked much attention, controversy, and even 
humor, sometimes with mischievous intent to startle. He illustrates his materialistic 
philosophy with the following pithy statement entitled The Will (1958): 
“Voluntary action is often cited as purely mental, chiefly because freedom of the 
will is indispensable to many established ethical systems. Voluntary action is usually 
defined as a choice between two foreseen alternative actions. This is beautifully 
illustrated by the spinal frog. If a bit of acid is placed on the midline of the rump, 
the preparation responds by alternate jerking of the hind legs. . . . Finally, the motor 
system of one leg dominates, and that leg performs the complete wiping reflex, 
while the other is extended. Here is foresight; we often see a man making such 
tentative actions while he is reaching a decision, and his verbal debating (fore- 
sight) about it is only a substitute for other tentative actions, After a period of 
indecisions, of vacillation, the spinal frog also reaches its decision. Save in the com- 
plexity of the alternatives, the procedures are the same.” 
Michael Reese Hospital Jack ORBACH 
Chicago, Illinois 


Behavior Genetics. By JOHN L. FULLER and W. ROBERT THOMPSON. New York, 
John Wiley & Sons, Inc., 1960. Pp. ix, 396. $8.50. 

“Our conclusion . . . is that we have no real evidence for the inheritance of 
traits.” In 1924 Watson could honestly assert that. This timely volume chronicles 
how much has since been learned. “The . . . important generalization to be drawn 
from the variety of studies summarized . . . is the ubiquity of genetic effects. 
Quantitative measurement of behavior combined with genetic techniques finds an in- 
fluence of heredity in insects, rats, and men, both in behavior which is relatively 
unmodifiable . . . and in behavior which is the outcome of a long period of de- 
velopment...” (p. 137). 

The field of behavior genetics studies the genetic mechanisms underlying indi- 
vidual differences in behavior. It involves the measurement and analysis of be- 
havioral differences and of the genotypic diversity among all members of biparental 
species. 

The purpose of this pioneer work is to provide a “modern statement” of behavior 
genetics as well as a “comprehensive treatment” of its literature. The presentation 
is organized around three questions. “What are the effects of heredity on behavior? 
How large are these effects? What mechanisms are involved?” 

The book results from the laudable collaboration of two men. Fuller, a biologist 
who went to Bar Harbor to study the physiology of behavior; and Thompson, @ 
psychologist from Wesleyan University. The many excellent features will be con- 
sidered first since they far outweigh the shortcomings. 

The work's major contribution lies in a concretely objective account of the prin- 
cipal facts. The areas reviewed include sensation and perception, animal behavior, 
learning and behavior modification, intelligence, personality, temperament, and 
mental disorders, A large variety of problems in each area is soberly discussed and 
critically evaluated with many excellent methodological appraisals and suggestions. 
The supporting bibliography totals about 800 references. Their book is divided into 
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three sections (1) an exposition of the principles of genetics and the methods of 
behavior genetics; (2) a truly scholarly, comprehensive and informative review of 
literature; and (3) suggestions about theory and method. 

There is a rich selection of topics from genetics covering many of the basic con- 
cepts as well as introducing the reader to population genetics and physiological 
genetics. The enlightening discussion of heritability as a property of populations 
and not of traits clarifies a widely misunderstood concept. 

The treatment of methodology in studies of man seems to our nonspecialist eye 
like a sound introduction to a complicated field. The advantages and limitations of 
pedigree studies, Weinberg’s propositus, Dahlberg’s later sib, Hogben’s a priori 
and Haldane’s a posteriori methods plus the knotty problem of correcting mor- 
bidity rates for age are clearly outlined. Also covered are correlational and twin 
methodology and R. B. Cattell’s powerful multiple-variance model. 

Other outstanding features include a valuable discussion of (1) age effects in 
the context of two well studied substantive problems, the taster phenomenon, and 
audiogenic seizures; (2) the question of scale transformations illustrated with orig- 
inal data; and (3) the non-congruence model, which gives an enlightened picture 
of the kind of relation it is reasonable to expect between genes and behavior. Finally, 
the authors are to be congratulated for abandoning the unfortunate term psycho- 
genetics and adopting the descriptive one, behavior genetics. 

There are several shortcomings, some of which should be corrected in later edi- 
tions. The exposition would have benefited from treating as dimensions the pheno- 
typic characteristics with respect to which individuals differ. Much awkwardness 
could have been avoided if, instead of referring to “trait-bearers” and “non-trait- 
bearers” (pp. 49, 70, 112, etc.), reference had been made to different modes or 
degrees of expression of a trait. While the language employed might appear adequate 
for describing the distinction between tasters and non-tasters, it is awkward when 
when to distinguish (1) right-handed from left-handed individuals; (2) dichro- 
mats from trichromats; or (3) the subtypes among dichromats. 

The symbols G and F are inconsistently used to label the generations of selection. 
Confusion occurs when F replaces G on pages 71, 214, 264, and 265 because F is 
correctly used throughout for strain crosses. Discussion of the symbolism problem 
would have helped since usage in the journals is also inconsistent. Fig. 9—1 requires 
further explanation because the white sections of the bars remain a mystery. P. 67 
misleadingly states “The average genetic correlation between . . . parent and . . - 
offspring is 0.5. . . . The genetic correlation between ordinary siblings is also 0.5." 
The exact genetic correlation between parent and offspring is 0.5 whereas the full 
sibling correlation ranges from 0.0 to 1.0 and is only 0.5 on the average. 

The Hardy-Weinberg law was discovered by an English mathematician and à 
German physician, not by two geneticists. The report of the association between 
Mongolism and trisomism should be qualified because population surveys are yet to 
be made to ascertain the proportion of trisomics that are mongoloid. It is incor- 
rectly reported that, unlike Tryon, Heron selected genotypically. Heron and Tryon 
both selected extreme phenotypes without mixing their bright and dull strains. 
Further, the reader cannot possibly appreciate the trend of the early generations in 
the Heron study because of the omission of the foundation population values. Both 
strains are brighter than the foundation population for three generations. 
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In prophetic and insightful style, pages 344 and 345 suggest “a new approach 
to the genetic part of behavior genetics . . . manipulation of genotypes instead of 
phenotypes. . . . Studies of heritability will be carried out in the framework of 
population genetics.” In all honesty this discussion would appear less mysterious 
and prophetic if there had not been a surprising omission of appropriate references 
and explanation at this point (e.g. Tryon, 1958 in the bibliography). The student 
of behavior is not shown the techniques of “manipulating . . . chromosomes” in 
the mouse where N = 20. At the same time there is an unfortunate neglect of the 
extensive Drosophila literature on the subject dating back at least to Mather's 1943 
paper. That literature deals directly with, and provides the only concrete examples 
of, their “new approach.” 

While the coverage of genetics is comprehensive, the structure of genetics, one of 
the most elegant in all science, is not thrown into full relief by the presentation. 
Proper articulation of this structure would have made clear why it is ot surprising 
that most behaviors show hereditary variation. 

One gets the impression that the authors dodged the most challenging aspect of 
their task by placing their theoretical schema at the end. Skillful use of it through- 
out to organize and interpret the large body of data reviewed might have made a 
truly outstanding contribution. Furthermore they fail to extend the implications of 
their survey. Since genotypic diversity and its consequent individual differences in 
behavior are as widespread as they have shown, what does this mean for whole 
areas of psychology in which the experimental analysis of behavior proceeds on the 
counterfactual assumption that all organisms are alike? Also, the evolutionary 
consequences of the intimate connection between behavioral and genetical variation 
are overlooked. Behavior often determines which individuals survive and reproduce. 

This book, nevertheless, has much to offer and will be a standard for years to 
come, It is being adopted for our behavior genetics course and added to the graduate 
reading list. In the authors’ words possibly the “most significant contribution of be- 
havior genetics is its documentation of the fact that two individuals of superficially 
similar phenotype may be quite different genotypically and respond in completely 
different fashion when treated alike” (p. 38). Clearly, detailed information of this 
nature must henceforth become part of the armamentarium of every serious student of 
behavior. 

University of Illinois Jerry HIRSCH 


Counseling and Psychotherapy: Theory and Practice. By C. H. PATTERSON. New 
York, Harper and Brothers, 1959. Pp. xii, 320. $5.00. 

This book has been written to fill a need for a text to be used in an advanced 
course in counseling and psychotherapy. The author believed that no volume before 
his own was sufficiently comprehensive and systematic in preparing the students for 
their work in this area, Patterson’s approach is based upon phenomenological psy- 
chology and client-centered therapy. He vigorously advocates a systematic point 
view and feels that the actual choice is between psychoanalysis and self-theory. The 
influence of Rogers is very apparent, and the author believes that the client-centered 
approach contains, in its simplest and most basic form, the necessary and sufficient 
conditions for psychotherapeutic personality change. Patterson rejects an eclectic 
approach to the teaching of therapy because he feels no instructor can present dif- 
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fering points of view with equal effectiveness. He believes that one’s systematic 
bias should be made explicit. The emphasis of this book is upon the theory and 
philosophy of an approach rather than upon techniques. 

Generally speaking the author is faithful to what has become known as the 
client-centered approach. In his discussion of controversial issues, such as trans- 
ference and countertransference, diagnosis and evaluation, and depth psychology, he 
not only clearly states the client-centered position but also gives useful scholarly 
discussions, drawing upon extensive readings and knowledge within the fields of 
psychology and psychiatry as well as cultural anthropology, education, personnel 
work, and psychoanalysis. After each chapter he has from 20 to 100 references to 
pertinent books and journals which will serve as guides to the serious student of 
counseling and psychotherapy. Patterson's style is clear and concise in spite of the 
fact that he discusses some highly complex issues. 

The author claims that his volume is comprehensive. From this point of view 
the reviewer believes that at least one part of the book should have been devoted to 
the client's experience of psychotherapy. One unique characteristic in all of Rogers’ 
writings is his ability to relate theorizing and actual, transcribed client verbaliza- 
tions from the counseling hour. Patterson’s book is primarily oriented toward the 
therapist, how his values, needs, and cultural background affect the therapy rela- 
tionship. I question the wisdom of moving away from an emphasis upon what is 
actually happening during the counseling hour. Another related criticism is that 
Patterson gives the impression that therapy draws more upon the therapist's cogni- 
tive than his emotional-personal qualities. The whole spirit of the book is dis- 
cursive and rational. The reviewer would recommend that some of Rogers’ writings 
be added to the present volume for advanced courses in counseling and psycho- 
therapy. 

Now some brief comments shall be made about each part of the book. In Part I, 
the author argues that the same basic therapeutic attitudes are applicable in all 
facets of personnel work. The techniques used, however, may vary whether the 
purpose at hand is vocational-educational counseling, or therapeutic counseling and 
psychotherapy. : 

Patterson argues that training in therapy should come at the earliest practicable 
moment. Rogers claims that the most powerful teacher is the student's own direct 
clinical experience. The reviewer gets the impression that the author advocates an 
intermediary position between cognitive and experiential learning. He also wants to 
help the students to develop a ‘professional attitude’ and a ‘systematic, theoretically 
based approach.” 

Part II is a discussion of the background for counseling and psychotherapy and 
includes chapters on ethics and counselor needs, values and psychotherapy, and 
cultural factors and psychotherapy. Apparently these ideas are close to the heart of 
the author, In the volume as a whole he presents a distilled and updated client- 
centered position, but in these chapters he offers stimulating discussions of his own. 

It is pointed out that no therapist can be completely value-neutral. The author's 
ideal seems to be to leave the client as free as possible within the limits of certain 
basic values which are inherent in the therapist-client relationship. Rogers never 
focused much upon the client in his social-cultural context. Patterson, however, 
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finds that it is rather important that the therapist be sensitive to this cultural con- 
tent of the client's communications. 

Part ILI, the largest in the book, deals with significant aspects of the therapeutic 
relationship. First, he discusses in general terms the understanding and manipula- 
tive approaches to human relations. The understanding approach reflects a positive, 
optimistic, encouraging view, while the other is based on a negative, pessimistic, 
discouraging view. Second, he contrasts the eclectic and systematic viewpoints in 
therapy and continues to present the broad outline of the client-centered theory of 
therapy and personality. 

The latter half of the book is concerned with the practical implementation of the 
client-centered position. He discusses such topics as counselor expectations, rapport, 
listening, understanding, and non-verbal communication. This reviewer found his 
discussion of non-verbal communication to be a real contribution to stating a com- 
prehensive client-centered approach. 

In regard to diagnosis and evaluation Patterson defends the client-centered posi- 
tion in a well-documented chapter. “Diagnosis or evaluation is not considered to be 
a necessary or essential condition for counseling and psychotherapy. Nor are tests 
considered to be useful or desirable parts of the therapeutic process. This is in 
contrast to vocational and educational counseling, where tests are useful in most 
cases.” But even in education-vocational counseling it is thought to be possible to 
apply the same basic attitudinal orientation toward the client, even if tests are 
applied. Rather than prescribing tests for the client it is perhaps desirable to enlist 
his coöperation in selecting them. 

Part IV, the last in this volume, is a discussion of three controversial questions. 
I found the first question “Is depth psychology necessary?” somewhat misleading. 
It is my guess that Rogers would not agree that client-centered therapy lacks depth. 
In a recent paper Rogers has even conceived of the essence of therapy as deep, 
experiential moments of personality integration. An alternative heading would be: 
“Is interpretive therapy necessary?” In relation to this question the client-centered 
answer would be “No.” The two other questions which are discussed are “Psycho- 
therapy: art or science?” and “Common elements in psychotherapy; essence of 
placebo?” 

In conclusion this reviewer would like to say that he found Patterson's book 
both enjoyable and stimulating. On the whole, it advocates a fairly orthodox, but 
up-to-date and scholarly presentation of the client-centered approach to counseling 
and psychotherapy. It is a book written by a teacher of counseling for his students. 
In this sense it is student-centered rather than client-centered. The volume is 
somewhat lacking in giving the reader a feeling for what the actual experience of 
therapy is all about; it is more academically than clinically oriented. Patterson's 
contribution deserves, however, to be widely read and used for advanced courses in 
counseling and psychotherapy. 

Cornell University LEIF J. BRAATEN 


The Sage of Sex. A Life of Havelock Ellis. By ARTHUR CALDER-MARSHALL. New 
York, G. P. Putnam's Sons, 1960. Pp. 292. $5.00. 
Mr. Calder-Marshall, free-lance writer and biographer, has written a sensitive, 
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scholarly book which will be a welcome addition to earlier biographies of Ellis as 
well as his own account, My Life. The author does not attempt to evaluate or de- 
scribe the scientific and literary work of Havelock Ellis, but concentrates on the non- 
professional side of his character in an effort to understand the complex person- 
ality of the pioneer who so profoundly influenced the twentieth-century social atti- 
tudes toward sexual behavior. 

As a young schoolmaster in Australia, Ellis was tremendously impressed by 
James Hinton's Life in Nature, a rather rambling and loosely reasoned attempt to 
reconcile scientific materialism with Christian religion. Hinton was a physician who 
recommended, among other social reforms, a degree of sexual freedom quite out of 
harmony with the mores of nineteenth century Britain. 

Later in life Ellis referred to his “conversion” at the age of nineteen. This in- 
volved the influence of Life in Nature, but was also based upon an important deci- 
sion which was to have far reaching consequences. Ellis came to the conviction 
that it was unnecessary to worry about whether one is this sort of person or that 
sort of person, The important thing is to accept oneself as one is, and then de- 
valuate the self in the interest of serving others. The behavior in which people 
indulge is unimportant. The motivations underlying behavior are of basic signifi- 
cance. This philosophy guided his life, and greatly facilitated his work in the area 
of sexual psychology. At the time of the “conversion” Ellis chose the study of sex 
as his vocation, and to that end began his training as a doctor of medicine. 

One of the most widely read men of his day, Ellis was not always a critical 
reader: he described his brain as functioning as a kangaroo jumps. He was, of 
course, a prolific writer whose contributions touched many fields in addition to his 
principal one. An abiding concern with social reform is reflected in several of his 
books including The Criminal (1890), The Nationalisation of Health (1892), and 
Marriage To-day and To-morrow (1929), Other writings deal with studies of genius, 
race degeneration, the interpretation of dreams, Spanish sonnets and folk songs, and 
English drama from Marlowe to Shaw. 

One of the earliest of his books on sex was Man and Woman. First published 
in 1894, this classic went through six editions, the last appearing in 1926, Because 
of the exceedingly advanced, not to say socially premature, ideas they contained, 
Ellis’ writings inevitably aroused opposition and criticism. His book, Sexwal Inver- 
sion, was tejected by English publishers—partly, in all probability, because Oscar 
Wilde's trial and conviction were still in the forefront of the public mind. The 
volume was promptly published in Germany. Later an edition was published in 
England, but the publisher was arrested, and Ellis decided against publishing any of 
his Studies in the Psychology of Sex in Britain. 

As a result of his writings, the liberality of his views with respect to extramarital 
sexual relations, his tolerance toward inversion and other “anomalies,” etc., Ellis’ 
contemporaries generally took it for granted that his personal life was free of the 
usual amount of frustration and inhibition. The fact was that until he was sixty 
years old Ellis was uncertain of his sexual potency, and in his liaisons with various 
women he stressed the importance of “affectionate intimacy without passion.” 

In 1897 he entered into correspondence with a woman in South Africa who had 
written a book which reminded him pleasantly of his Australian sojourn. Aftet 
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several months Olive Schreiner came to England to meet Ellis. She met a hand- 
some, exceedingly shy young man with a squeaky voice and no sexual experience, 
Miss Schreiner was not lacking in responsiveness nor in experience, but although 
the association lasted for two years, and resulted in the development of deep, 
mutual affection, physical intimacies never progressed to the complete consummation 
she desired. 

Ellis met Edith Lees in 1889, and she found him rather unattractive. Later she 
read The New Spirit (1890) and was strongly impressed. Their next meeting was 
the first of many, and Ellis reached the conclusion that with this woman he could 
establish a successful marriage. The meaning of “successful” he explained at the 
time of his proposal, and it was, for that day or this, quite novel. (1) There 
were to be no children. (2) Neither individual was to be financially dependent 
upon the other. (3) Each partner would maintain a separate domicile. (4) There 
was to be no element of possessiveness, and jealousy was foresworn. The matter 
of physical intimacy seems to have been left open for future developments, but the 
positive value of marriage was to be spiritual companionship, and Ellis added that 
he had no passionate feelings. 

Edith accepted the conditions, paid her half of the cost of the wedding ring, 
and the couple went their separate ways immediately after the civil ceremony. That 
evening Edith held an informal reception in her flat, but Ellis sent his regrets and 
only reluctantly agreed to attend after all of the other guests had left. 

Ellis felt that frequent separations contributed to the permanence of his marriage, 
and he encouraged Edith to take vacations abroad. On one such occasion she wrote 
of meeting a feminine friend for whom she found she felt a passionate attachment. 
True to his philosophy, Ellis told his wife she should accept herself as she was (his 
diagnosis was congenital inversion), and act as she felt she should act. With his 
“blessing,” which was probably not what she really wanted, Edith entered into the 
first of several homosexual liaisons which occurred sporadically throughout her 
life. 

For his part Ellis had several female friends at different times during the twenty- 
six years of his marriage, but although there was strong attachment and mutual 
respect, the relations seem to have been confined to mildly erotic exchanges marked 
by affection rather than extreme passion. All of these “affairs” were dutifully 
rte to Edith, who, if not enthusiastic, was at least determined to remain Ellis’ 
wite. 

Edith died in 1916 of “cyclothymic depression” and diabetes, Ellis cared for her 
as best he could while she alternated from suicidal depression to periods of 
euphoria. During the latter, she contracted heavy debts while embarking on one 
grandiose scheme after another. In connection with one of these projects Edith 
engaged a young French woman, Francoise Cyon, to translate certain English works 
into French. 

Because of their peculiar marriage contract, Ellis was not legally liable for any 
of the debts incurred by his wife during her mental illness, but he was determined 
to pay what he could in any case where serious hardship was involved. To this end 
he corresponded with every creditor, and it was revealed that Madame Cyon was 
destitute. Ellis wasn't much better off, but after several months of correspondence 
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Francoise came to England and found work of sorts. Ellis attempted to help her, 
and although he was twice her age she gradually fell deeply in love with him and 
declared her affection. 

Ellis preferred a nonphysical relationship, explaining that he would not make a 
satisfactory lover. He also urged reconciliation with her Russian husband who had 
not been contributing to her support. The reconciliation failed, and the sixty year 
old man and thirty year old woman became lovers in fact. Ellis was astonished to 
discover his own sexual normality, and credited it to Frangoise’s unselfish love and 
devotion. There followed more than a quarter of a century of perfect, monogamous 
“marriage,” which endured until Ellis’ death in 1939. 

From this carefully drawn portrait Havelock Ellis emerges as a fertile though not 
incisive thinker, a person dedicated to the improvement of human relations, an 
unselfish but fiercely independent individual, a man who, though limited in self- 
understanding, possessed a great capacity for the sympathetic understanding of 
others and their problems, Above all, perhaps, Ellis is portrayed as a lovable, often 
eccentric human being possessed a great compassion, tolerance, and love of his 
fellow men. 

University of California, Berkeley FRANK A. BEACH 


The Mother-Child Interaction in Psychosomatic Disorders. By ANN M. GARNER 
and CHARLES WENAR with JENNIE B. KAHN and JEAN P, CHAPMAN. Urbana, Uni- 
versity of Illinois Press, 1959. Pp. viii, 290. $6.00. 

“Fortunately it is not necessary to know everything about everything in science,” 
declare Garner and Wenar, “before one can learn something about something” 
(p. 174). As one reads through the details of the research project reported in this 
volume, one is likely to conclude that the senior authors and their collaborators 
have learned something about mother-child relationships and that they have learned 
almost everything about the problems and frustrations of clinical research. 

The central hypothesis of the research, derived from psychoanalytic theory, was 
that “susceptibility to psychosomatic illness in children develops in the first year of 
life, when somatic response patterns are first laid down” (p. 11). This susceptibility 
develops within the context of a specific type of mother-child relationship in which 
the mother is lacking in what the investigators term “motherliness,” a characteristic 
which is present to the degree that both the infant and the mother derive gratifi- 
cation from the processes of infant care. The research design involved the compati- 
son of psychosomatic, neurotic, and physically ill groups, each composed of 26 
pairs of mothers and their children ages six to twelve years. Assessment techniques 
included several brief indices of intelligence, both objective and projective person- 
ality assessment techniques, brief observations of the mothers with their children, 
and extensive mother-interviews, Standardized tests were used when possible, but 
several novel techniques were devised for the study. 

Considering the complexity of the problem and the difficulties invariably at 
tendant to such research, it is not surprising that only some of the specific predic- 
tions were confirmed, although there were few completely negative findings. Most 
readers will probably find the authors’ interpretations of the results well within 
the bounds of scientific propriety. Mothers of psychosomatic children are epitomized 
as “ambitious, controlling women who have high expectations for their child 
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during pregnancy but find the actual caretaking of the infant unrewarding or dis- 
agreeable; because of their emotional investment . . . they are irresistably drawn 
to this ungratifying activity to the point of becoming entangled in a close, mutually 
frustrating relationship” (p. 160). In contrast, mothers of neurotic children are 
“relatively free in their approach to infant care and quick to express feeling, either 
positive or negative. . . . In the face of the highly charged negative relationship 
which develops both mother and child erect protective defenses to distance them- 
selves from one another” (p. 165). The mothers of the physically ill children “are 
the freest and most relaxed of the group... . The over-all picture is one of 
realistic, uncomplicated pregnancy anticipations fulfilled in positive ways by the 
events of the first year of the infant's life” (p. 167). 

The authors have been thorough and candid in discussing the shortcomings of 
their study. They point out that they have attempted “to preserve the clinical sig- 
nificance of the material without sacrificing methodological and statistical consid- 
erations” but that at every stage “this has proved a difficult task” (p. 5). The 
problems were indeed numerous. It was difficult, for example, to derive practical 
working definitions of some of the concepts central to the study. The attrition rate 
of the subjects was uncomfortably high. Reliabilities of the measurement techniques 
were often low and the degree of agreement between judges was at times unsatis- 
factory. It was, at some points, extremely difficult to be sure that a particular tech- 
nique was measuring the variable for which it was designed. 

An important strength of the design was its comparison between psychosomatic, 
neurotic, and physically ill groups. One is, however, inevitably tempted to wish for 
even more information, e.g. for comparable data on a group selected at random from 
the general population, Interpretation and generalization of the results would be 
clearer had we some notion as to how deviant these patterns are from ‘normal’ 
mother-child relationships. 

The authors’ question, and probably rightly so, whether they have always “been 
perceptive and flexible, or whether they have been merely arbitrary” (p. 177). 
Their answer is beyond reproach. “All one can do,” they conclude, “is make the 
facts public and trace the steps of integration clearly” (p. 177). This they have 
done admirably and the result is a book which is both stimulating and enlighten- 
ing. Their work will, of course, be of interest to those who are involved with the 
specific problems of mother-child relationships in psychosomatic disorders, neurotic 
disorders, and physical illness in children. It can as strongly be recommended, 
moreover, to any psychologist who is interested in the conduct of clinical research. 

University of North Carolina HALBERT B. ROBINSON 


Group Dynamics: Principles and Applications. By HUBERT Bonner. New York, 
Ronald Press, 1959. Pp. viii, 531. $6.50. 

The burgeoning field of small group research is neither integrated nor sum- 
marized by any recent textbook. Cartwright and Zander have edited an excellent 
collection of introductory essays and representative empirical studies in their Group 
Dynamics, second edition, 1960, and there is also a more advanced, but equally 
excellent set of readings edited by Hare, Borgotta, and Bales, entitled Small Groups, 
1955. (Reviewed by D. Cartwright, this JOURNAL, '69, 1956, 502.) Many teachers, 
however, hope for an integrative textbook. 
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The book under review will not serve this need. It is intended as “a comprehen- 
sive treatment of the dynamics of small-group behavior . . . designed as a textbook 
for college students and for professional reading by psychologists, social scientists, 
teachers, and personnel managers” (p. iii). Unfortunately, the book will prove worse 
than useless to any of the foregoing groups. 

College students will be confused by the frequently encountered vague or mean- 
ingless statements. Example: “When we speak of the group . . . we think of it, 
not as a generalized entity, as sociologists do when they refer to an institution, but 
as an interaction system, as a dynamic and organized totality” (p. 40). They will 
be misled by poor definitions. Example: “A region is a segment of social space, 
an element of a social field” (p. 42). No student would ever guess from this that 
regions refer to activities rather than to areas. They will be amused at value judg- 
ments which abound in a supposedly scientific treatment. Example: “Power is 
wicked and immoral only when it is abused—when it exploits, divides, and dis- 
organizes" (p. 280). If at all discerning, they will be confused by numerous incon- 
sistencies. Example: “Irrespective of an individual's psychological biography, he 
behaves in accordance with the properties of the group at a particular time” (p. 25) 
as compared with “Regardless of their contacts with different racial groups some 
individuals find in their hatred of them convenient channels for the expression of 
deeply rooted aggressions” (p. 138). 

Psychologists and other social scientists will be disturbed by the virtual lack of 
methodological criticism. Case studies, field studies, experiments with good controls, 
experiments with no controls, observations by such popular writers as W. H. Whyte 
(The Organization Man), and clippings from the Christian Century or the New 
York Times are given equal evidential status. Sometimes crucial experimental de- 
tails are lacking, as when we are told that the subjects were “required to learn the 
words as a group” (p. 122), but are not told whether that means learning to five 
perfect trials by all members, learning to one successful reproduction by a majority 
of members, or learning by the brightest or most articulate member. Elsewhere, in 
contrast, we are given useless details. Example: We are told that a study was done 
at the “Harwood Manufacturing Company, in Marion, Virginia” (p. 145). Much 
more serious are numerous examples of statements that are either absolutely false 
or else demanding of serious qualification. Example: “Unlearning attitudes, like 
learning them, can take place only when there is interaction or communication be- 
tween members or between groups. Intergroup hostility, accordingly, may be best 
eliminated if the hostile groups are brought into contact with each other” (p. 97). 

Teachers of courses in small groups will be especially startled by the poor 
coverage. To be sure, this is a tremendous area to review, but there is clearly 0° 
justification for the claim stated in the concluding chapter that “In the foregoing 
chapters we presented a detailed exposition and analysis of the most significant 
problems of group dynamics” (p. 481). The chapter on “Human Relations in In- 
dustry” may be referred to by way of illustration, Only the first of the numerous 
studies conducted in human relations by the Survey Research Center of the Uni- 
versity of Michigan is mentioned; this, of course, means that Seashore's extremely 
appropriate monograph (Group Cobesiveness in the Industrial Work Group) is not 
cited. The chapter does not mention any of the Ohio State leadership studies; nor 
the famous Coch and French study of representative, participative, and directive 
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methods in work change; nor Bavelas’ work on communication nets. Most surprising 
of all is the lack of any mention of unionism. Incidentally, although published in 
1959 the book contains no references (in any chapter) to any items written in 1958, 
and only refers to four items written in 1957. 

Finally, few practitioners will find this book to their liking. In addition to many 
of the foregoing points, they are likely to object to the frequent attacks on straw 
men. Examples: “We have been critical of the argument that leadership in a 
democracy must be completely shared” (p. 277). “Inconsistency of training lead- 
ers by persons who exalt leaderless groups uncritically” (p. 196). “The leader is 
often conceived as a towering individual who by virtue of his ‘gifts’ stands above 
the ‘crowd’ and exhorts, compels, or persuades it to do his bidding” (p. 482). Both 
the practitioner and the student may gain the impression that such assertions are 
common in the scientific group-dynamics literature, but this is simply not so. 

In summary, this is not a good book. 

Cornell University Leo MELTZER 


Psychology of Adolescence. By LUELLA CoLE (in association with IRMA NELSON 
Hatt). Fifth edition. New York, Rinehart & Co., Inc., 1959. Pp. xviii, 731. $7.00. 

This latest edition of one of the widely-known textbooks in its area deals with a 
very wide range of subject-matter, from the relatively simple and straightforward 
materials of physical development to the rather tenuous materials of religious beliefs 
and moral behavior. The book has much to recommend it. Its author, having had 
long experience in writing, knows how to communicate her ideas and her subject- 
matter. The volume is comprehensive. Dr. Cole has incorporated the findings of a 
great deal of research and cites her sources, although, with very few exceptions, 
she has omitted names from her index—a glaring deficiency. She wisely avoids 
excessive and unnecessary use of professional and technical terminology, especially 
in the discussion of ‘maladjustment,’ deviant behavior, and problems of personality. 
The chapters on physical development are of superior quality and are appropriately 
illustrated. Throughout the book, there are many tables, charts, and other illustra- 
tions; but this volume is certainly not a “tabloid-text.” The illustrations are rele- 
vant to the text. 

This book, however, has its weaknesses, but is there a textbook about which 
this could not be said? Some of the discussions are too cursory and unenlightening, 
especially those dealing with tests of intelligence and of personality, including pro- 
jective techniques. These discussions give the student no psychological insights into 
the tests themselves or into their uses for obtaining an understanding of the be- 
having, the dynamic human being. Dr. Cole merely describes the tests in a some- 
what perfunctory fashion, without attempting a critical evaluation of them in relation 
to understanding “the adolescent personality.” At this point, it is pertinent to ask 
whether there should be, in this type of book, any sort of detailed presentation of 
tests of intelligence and of personality. We find the same subject-matter included 
and repeated in books on childhood, adolescence, personality, and general intro- 
ductory psychology; and, also, in books on guidance, counseling, industrial and clini- 
cal psychology. Isn't the student in psychology going to become satiated by such 
duplication and repetition? 

In this book Dr. Cole, whether wisely or unwisely, is little concerned with 
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theory; nor is she always concerned with problems of basic causal factors in be- 
havior. The materials are, for the most part, presented in a descriptive and non- 
technical way. 

There are, regrettably, some unfortunate, or misleading or incorrect statements in 
the text: “There is nothing fixed about it [intelligence]. It goes up and down with 
circumstances” (p. 141). “It may be that native ability will be shown to grow 
steadily up until senescence” (p. 143). “This child [with an IQ of 122] has 22 
percent more mental ability than one expects from a child of his age” (p. 146). 
“By the time they [imbeciles} are adults they can complete about the first two 
grades of school” (p. 238). “She [a teacher} may be called upon to administer tests 
of personality, or she may require for her own guidance to use such measures” 
(p. 304). “A copy of a given pupil's test [of personality] may be sent to five 
‘experts’ for interpretation, with the resulting assembly of five more or less diver- 
gent opinions” (p. 312). On pages 320-321 two pictures from the Symonds Picture 
Study Test are reproduced; but each of these is labelled as a “TAT Picture,” 
although attributed to Symonds. 

Such questionable and erroneous statements and details do not necessarily dis- 
qualify a book; but they do suggest that there are some sections that should not be 
read independently by the naive student. On the whole, however, this is onc of the 
more useful and desirable textbooks in its field. 

Cornell University FRANK S. FREEMAN 


Psychology in Theory and Practice. By THOMAS A. RINGNESS, HERBERT J. KLAUS- 
MEIER, and ARTHUR J. SINGER, JR. Boston, Houghton Mifflin Company, 1959. Pp- 
xii, 480. $6.00. 

Most textbooks for the introductory course in psychology lack a direction or 4 
point of view. This new book by Ringness, Klausmeier, and Singer does not; it may 
be added to that small group which do have a special emphasis. This book might 
be particularly useful to the instructor who wishes to stress social psychology and 
its related areas. For this reviewer, however, there is a lack of content which makes 
the book difficult to appraise favorably. 

The authors state as their objective the presentation of “major principles and 
theories rather than an encyclopedic body of specific facts.” They succeed quite well 
in reaching that objective, though a few more facts might have been helpful. The 
instructor who elects to use this text must therefore add the specifics he feels are 
desirable, either through lecture or supplementary reading materials. For the pres- 
ent reviewer, considerable expansion of the sections on sensation and perception, 
learning, physiological psychology (which is all but missing), and several others 
of the classical content areas would be desirable. Otherwise, he could not feel that 
his students were getting a fair picture of the what and why of modern psychology: 
Without those additions, students would undoubtedly find the book easy to read, 
for it is extremely well written, but would come away with the impressign that 
work in this field is directed toward producing a scientific sound version of How 10 
Win Friends and Influence People. 

If there is a major fault to be found in this text, it is one so intimately tied t° 
the philosophy of the book as to make its correction impossible; There is a tendency 
to generalize basic principles (to make them meaningful to and directly applicable by 
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the reader) to a point far beyond that to which many of the data involved will 
stretch. The over-generalization is not often flat-footedly stated by the authors, but 
the idea that all psychological research findings should be directly and immediately 
usable by the student for his own problems is implicit in most of the writing. 

Particularly susceptible sections are those on “Transfer of Learning,” “Improving 
Perception,” “Improving Communication,” and “Motives and Emotions in Leam- 
ing.” In these sections particularly, the emphasis is on the way the student may 
study better, or read better, or listen better, or grow up better. Too often, the im- 
pression is left that psychology’s sole purpose is the improvement of the study 
habits of freshmen, Such an approach will most likely make students report that the 
course was interesting (one goal of the authors); it may even serve to rectuit more 
students as majors in psychology, but it is not likely to prepare those it recruits for 
the shock of discovery that this field is not solely concerned with their learning to 
be successful students or businessmen or citizens. The approach is, perhaps, anal- 
ogous to that of the course in methods of teaching arithmetic in which the prospec- 
tive teacher learns the tricks involved in getting children to manipulate numbers in the 
desired fashion, but never learns any mathematics, Just as that approach has turned 
out a generation or two of people who do not (and would rather not) know or care 
what mathematics is about, so this non-content approach to psychology may turn 
out a group of people who know all about psychology except what it is and what 
its goals are. 

The University of Texas Jerry V. Tosias 


Die Sprache der Zeichnung. By CARLOS J. BIEDMA and Pepro G. ALFONSO. Bern, 
Switzerland, and Stuttgart, Huber, 1959. Pp. 110, plus 22 pages of reproduction of 
pencil sketches and a packet of materials for testing. DM 8.50. 

This book should be of considerable interest to psychologists working with such 
tests as the Rorschach. It is so clearly and simply written that a reader with a limited 
familiarity with the German language may comprehend it. The testing method, origi- 
nated by Wartegg, was slightly modified by Biedma and applied by him and d'Alfonso 
during their 17-yr. terms as teachers in various schools of the Argentine Republic to 
2812 persons of age 3 yr. to middle-age. Chief emphasis was placed, however, upon 
Ss of high school age as it would be in the United States. A 

The method consists in laying before the S tested 16 black-framed squares of white 
paper (4 X 4 in.), together with a middle-hard pencil; and asking S to add to some- 
thing already on the square whatever he wishes, with the end in view that the out- 
come in each case be “a sort of a whole thing” pictured. The things already there 
vary in simplicity, beginning with a mere point and continuing to as many as four 
lines in various relative positions, and also one or two circle-segments in various 
positions. The results will often appear as very humorous to the reader. The authors 
have developed rules for arriving at a series of values in 10 grades, for the following 
character-features: Mental liveliness, analyzing, clarity, phantasy, objectivity, observ- 
ance, organizing, synthesizing, emotionality, confidence, unreservedness, sensitivity, 
perseverance, self-control, decisiveness, initiative, energy, adaptiveness, selflessness, 
friendliness, cautiousness, patience, social responsibility. 


It is a fine example of bookmaking on the publisher's part. 
Miami, Florida Max F. MEYER 
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Developmental Psychology: An Introduction to the Study of Human Behavior. B 
FLORENCE L. GoopENOUGH and Leona E. TYLER. Third edition. New Yor 
Appleton-Century-Crofts, 1959. Pp. xix, 552. $6.00. 

The first edition of this textbook, by Dr. Goodenough, was published in 1 
the second in 1945. For the revision of these, resulting in this third edition, * 
Tyler has been entirely responsible,” states the original author; since, she the 
says, “almost complete loss of vision made it impossible for me to prepare the 
work myself.” Recent research has been included, Piaget's views have been give 
more prominence, psychoanalytic materials and Freudian-based theory have bee 
included, and the adult years have been given increased emphasis, this last being a 
altogether reasonable thing to do in a book on developmental psychology. It i 
gratifying to find authors who regard adulthood as an integral part of human 
velopment. Perhaps “the child’ and “the adolescent’ have had more than “their d 

The beginning student in this branch of psychology, for whom the book is im 
tended, will find the revision of this well-received textbook to be comprehensive 
clear, and its viewpoints adequately buttressed by research findings, even though no 

all psychologists will agree with all of the theories held and interpretations made 
but where does one find a book in psychology which will evoke agreement, without 
dissent or criticism from the author's fellow-psychologists? 
This edition is a worthy successor to its predecessors written by a distinguish 
scientist, SS 
Cornell University FRANK S. FREEMAN 


Hypnosis: Fact and Fiction. By F. L. Marcuse. Baltimore, Penguin Books, 1959: 
Pp. xv, 221. $0.95. 

The author states that his purpose is simply to separate fiction from fact in the 
field of hypnosis. His book, an original edition in a paperback is comprehensive i 
scope and clear in style. Marcuse succeeds in his stated objective in so far as this i 
possible in a field where experimentation is notoriously difficult and authorities th 
selves are in rather sharp disagreement. 

His disposition of fiction will make the book of special interest to the laym 
While his consideration of the ‘facts’ is naturally colored by his own perspective, 
while the individual psychologist may take issue with Marcuse’s conclusions, 
reader may find Marcuse’s review of this field quite worth while. q 

Colgate University G. H. ESTABROOKS | 

Seelische Gezundheit. By WALTER BETTSCHART, HEINRICH MENG, and ci 
STERN (ed.). Bern, Hans Huber, 1959. Pp. 356. DM 34. 

A collection, very comprehensive, of 32 essays on psycho-hygiene by 34 authors 
23 in German, 7 in French, 1 in Italian, 1 in English. Presented in 10 groups ut 
the subtitles (in English translation): General problems in psycho-hygiene; M: 
and family; Children and youths; Therapy; Psychosomatics; Law courts and j 
Anthropologic relations; Advertising and propaganda; Shelter need of any 
Society's responsibility and task, 

The collection reminds us in one of its early pages that the human fool, after 
senseless jump into misfortune, displays his genius in struggling out of it. That! 
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the trend of the reasoning of these authors, They are worth reading if the languages 
are no obstacle. In this respect a Swiss has usually the advantage over an American. 
To select one or a few of the essays as particularly recommendable is for the re- 
viewer an impossibility. They are all good in content, interesting in their appeal to 
any intelligent reader, and written in good style, The book is excellently printed and 
bound. 


Miami, Florida Max F. MEYER 


Introduction to Exceptional Children. Third edition, By HENRY J. Baker. New 
York, The Macmillan Company, 1959. Pp. ix, 523. $6.50. 

The third edition of this well-known textbook is intended to meet the interests 
and needs of educators, primarily, and of other professional groups in the study of 
exceptional children of all types, including those having sensory and physical handi- 
caps, as well as the deviates in intelligence, in both directions from the central ten- 
dency. This volume presents pertinent materials from each of the several special fields 
concerned: psychology, social work, medicine, education. Like its predecessors, this 
new edition is on an elementary level throughout; and as its title suggests, it should 
serve as a useful introduction to this important educational and psychological spe- 
cialty. 

Cornell University FRANK S. FREEMAN 


Child Psychology. By ARTHUR T. Jersio. Fifth edition. Englewood Cliffs, N.J.. 
Prentice-Hall, Inc., 1960. Pp. xxi, 506. $9.65; text edition $7.25. 

Jersild, in this edition of his widely-used textbook, has not only incorporated 
newer research findings, but he has placed much more emphasis, than in earlier edi- 
tions, upon “ego psychology,” upon interpersonal relations, and upon the “inner” 
world of the child as well as upon the “outer.” He has also made more use of the 
contributions of psychoanalysis. Although the book contains some segmental treat- 
ment of psychological functions, which I believe is inevitable, Jersild has consider- 
ably extended and intensified his attention to the dynamic character of human de- 
velopment and to the significance of a wide variety of cultural forces. 

Perhaps my major criticism of this text is that many of the topics and problems 
are dealt with so briefly as to be over-simplifed and inadequate for professional 
students of the subject—even beginners. Here again, however, this is an inescapable 
result if an author attempts to ‘cover’ his subject within the space of an ordinary 
textbook, even by contemporary standards of size. The only other choices are to 
expand the book beyond the size acceptable to publisher and prospective instructors; 
or to limit the number of topics dealt with and present these quite thoroughly. 
Within the limits set by the pattern of his volume, Jersild has presented a readable, 
comprehensive, and informative treatment of child development and behavior. 

Cornell University FRANK S. FREEMAN 


The Importance of Wearing Clothes. By LAWRENCE LANGE. Hastings House Pub- 
lishers, New York. 1959. Pp. 349. $7.50. 

This amusing and interesting book has a wealth of examples and illustrations 
drawn from a wide variety of sources. The basic theoretical position follows that of 
Adler. Langer believes that the most important function of clothing is to demon- 
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state superiority both over animals and over other men. This he illustrates by ex- 
amples from anthropology and from history of costume. 

Langer's association with the theater; experience with patents relating to clothes, 
and the dress industry; his study with Veblem and Adler have given him many 
sources from which to draw. The book covers a wide variety of topics, including 
clothes and their relationship to sex, religion, government, communication, law, 
man’s behavior, and the performing arts. 

The chief contribution this book makes to psychology is to point out the impor- 
tance of considering clothing whenever we are studying social phenomena and the 
psychology of clothing as an area for research. 

Cornell University Mary S. RYAN 


Dreams and Personality Dynamics. Edited by M. F. DeMartino. Springfield, Il., 
Charles C Thomas, 1959. Pp. xvii, 377. $10.50. 

This is a useful collection of papers selected to acquaint a reader with some im- 
plications of dreams for the study of personality. Representative of its coverage is & 
discursive essay by Gardner Murphy on the function of the dream in the individual's 


psychological economy, a fascinating history of the paperback dream books which , 


persist in the popular culture, actuarial surveys of the frequency of different forms 
of dreams as a function of demographc characteristics, some studies of the person- 
ality correlates of various dream contents and several of the Dement papers on the 
psysiological concomitants of dreaming. With the exception of one article (by 
Medard Boss) translated from the German and a report of a doctoral dissertation, 
all the papers included have appeared previously. The appeal of the book is limited 
significantly by its appreciable cost and by the absence of a bibliography. 
University of California, Berkeley Jack BLOCK 
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Walter Bowers Pillsburp: 1872-1960 
Coéperating Editor 1897-1960 

Walter Bowers Pillsbury, a codperating editor of this JOURNAL for 
sixty-four years and one of the first generation of psychologists trained 
in America, died in Ann Arbor, Michigan, late in the morning of June 
3, 1960. His death, due to a myocardial infarction, was sudden and un- 
expected as he had until then been enjoying excellent health and was at 
the time planning a trip to Europe to attend the meetings of the Inter- 
national Congress at Bonn, Germany. He was within a few days of his 
eighty-eighth birthday, as he was born on July 21, 1872, in Burlington, 
Iowa. He was the oldest of seven children—four boys and three gitls— 
born to William Henry Harrison and Eliza Crabtree (Bowers) Pillsbury. 
His father was a Methodist minister who was sent by his Church, because 
of his administrative ability, through wide areas of Iowa and Nebraska. 

The young Pillsbury was a precocious lad. He was graduated from 
high school before his sixteenth birthday and entered Penn College, 
Oskaloosa, Iowa, the following fall. His predilection toward psychology 
was aroused during his second year in high school by the chance reading 
of Carpenter’s Mental Physiology, which he found in his father's library, 
to which he had free access, After reading this book, which he found to be 
most intriguing, he remarked to his father that he intended to specialize 
in psychology when he grew up.t Until late in his college course, how- 
ever, this boyhood interest was not pursued as he found himself working 
toward law—not on his own initiative but rather from “acquiescence to 
family opinion.”? ; 

After his sophomore year at Penn College, Pillsbury transferred, in the 
fall of 1890, to the University of Nebraska. There his early enthusiasm 
for psychology was revived by a course that he elected under H. K. 
eee ey vas rE a a 


iW, B. Pillsbury, Autiobiography, in A History of Psychology in Autobiography, 
Clark University Baie 2j 1932, B65, This is a strange autobiography, as he Pend 
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place of his birth. 
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Wolfe—Wundt's third American student and a magnetic teacher who 
turned a large number of his Nebraska students to careers in psychology. 
This course, which ran throughout the year, required considerable labora- 
tory work and aroused in Pillsbury, as he afterwards reported, “a respect 
for experiment, a belief in a scientific psychology, and a desire to see 
thinking for its own sake more general.""* 

He was graduatel from Nebraska in 1892, and then taught “mathematics 
and a general assortment of school subjects” at Grand Island College, 
Grand Island, Nebraska. He remained here for but one year, as he ac- 
cepted, in the spring of that year, the offer of a Sage Scholarship in Psy- 
chology at Cornell University, for which he had applied at Wolfe's sug- 
gestion. The fall of 1893 found him, therefore, in Ithaca, New York. His 
lifework was decided; his early ambition was to be achieved. : 

He found the academic atmosphere at Cornell congenial and stimulat- 
ing. Titchener was beginning his second year there. Since he, like Wolfe, 
was a student of Wundt’s there was little change in point of view. Ex- 
perimentation, as with Wolfe, was the core of Titchener's teaching. In ad- 
dition, however, Pillsbury found great pressure for publication which 
Titchener held was the end of a scholar’s endeavor. 

Psychology at Cornell was then, and for many years after, a part of the 
Sage School of Philosophy. As a Sage Scholar, it was Pillsbury’s duty to 
acquaint himself with the trends in philosophy as well as in psychology 
and to write abstracts and book reviews for the Philosophical Review, a 
quarterly magazine that had shortly before (in 1891) been established 
by the Sage School. These duties assured the development of a facility in 
writing and, since many of the books received for review were French or 
German, in reading those foreign languages. In addition to these ‘outside’ 
duties and his courses in philosophy and psychology, Pillsbury served as 
an observer in the various studies being conducted in the laboratory. The 
exchange of observational hours among graduate students was standard pro- 
cedure in the Cornell laboratory throughout Titchener’s directorship of it. 
This practice provided the necessary observers, trained them in introspec- 
tive reporting, and frequently gave them ideas for further research. Titch- 
ener, moreover, held that as much knowledge of psychology was gained by 
serving in a well-conducted experiment as in an academic course. 

From his service as an observer in one experiment—Miss Washburn’s 
doctoral dissertation on the influence of visual associations on the spatial 
perception of the skint— Pillsbury obtained the idea for his first experi- 


3 Idem, 266. 
4M. F. Washburn, Ueber den Einfluss der Geisichtsassociationen aud die Raum- 
wahrnehmungen der Haut, Philos. Stud., 11, 1895, 190-225. 
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mental research, which dealt with the problem of cutaneous localization 
with and without vision and with vision on life-sized photographs of the 
area (left forearm) stimulated.* He started on this ‘minor’ problem, as 
all researches performed by students except doctoral dissertations were 
designated, during the second semester of his first year—experimentation 
was indeed, as he soon found, the core of Titchener’s instruction. Pills- 
bury’s observers were Titchener, Miss Washburn, and three graduate stu- 
dents; so soon did he realize the benefits of the interchange of observa- 
tional hours. He pushed the study rapidly forward, but withheld publica- 
tion until Miss Washburn’s study, which was temporally and logically 
prior, had appeared. 

His scholarship at Cornell was renewed for a second year and he im- 
mediately turned to work upon his dissertation and, in collaboration with 
Titchener, upon the translation of Kiilpe’s Einleitung in die Philosophie 
The topic for his dissertation was chosen in consultation with Titchener." 
Pillsbury suggested several topics, which discussion revealed were unsuit- 
able, and finally proposed an investigation of the mental processes in- 
volved in reading—an idea that came to him from the misreading of a 
street number on a letter box—which Titchener deemed appropriate. Pills- 
bury conceived of the problem as one in reading, but, as the investigation 
proceeded, it developed into a systematic study of apperception and atten- 
tion, a turn that Titchener doubtless anticipated and directed.* 

For his third year at Cornell, Pillsbury was advanced to an assistant- 
ship. During this year, he completed his dissertation, his translation of 
Külpe’s Einleitung, a minor study on the projection of the retinal image,’ 
and was awarded his Ph.D. degree. As teaching was, in those days, prac- 
tically the only occupation open to a psychologist, and the demand for 
teachers in 1896 was small, Pillsbury found himself with a degree and 
no place to go. This situation, however, was soon rectified by his reappoint- 
ment to the assistantship. The postdoctoral year proved highly profitable. 
He attended classes in physiology and related sciences in which he 
thought he was weak, rewrote his dissertation for publication, read the 
galley proofs of his translation, and devoted himself to teaching as he, 


* Pillsbury, Some questions of the cutaneous sensibility, this JOURNAL, 7, 1895, 


190-225. á 
4 ated Kiilpe, Introduction to Philosophy, Translated by W. B. Pillsbury and 
. B. Titchener, 1897, x. 256. 2 i 
i In Pillsbury’s day, Titchener permitted his students to propose the topics of the 
dissertations and he selected one from among them. In later days, He aE 
the students selected; a preferred procedure as he knew, better than they, 
pertinent and timely. 
$ Pillsbury, A study in apperception, this JOURNAL, 8, 1897, 315-393. 
S Pillsbury, The projection rcepton, tinal’ image, this JOURNAL, 9, 1897, 5660. 
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though still an assistant, was permitted to give independently a course 
in the Department. 

His dissertation and his translation, both published in the spring of 
1897, attracted attention to him, and calls to positions in psychology were 
now not lacking. Among those received was an instructorship at the Uni- 
versity of Michigan. Though Cornell met this offer,t° Pillsbury accepted 
Michigan's invitation because it entailed the welcome responsibility of 
establishing a new laboratory. At the same time, he was invited by 
G. Stanley Hall to join the Codperating Board of Editors of this JOURNAL 
—the first of Titchener’s students so honored. Both of these affiliations 
were maintained by Pillsbury throughout the duration of his long life. 

Psychology at Michigan was then taught in the Department of Philoso- 
phy, of which R. M. Wenley was the head. Pillsbury, however, was given 
full charge of the laboratory, which he quickly established, and all of the 
work in psychology. His advancement, slow according to present stand- 
ards, was then considered to be rapid as he was promoted to an assistant 
professorship in 1900, to a junior professorship and the directorship of 
the psychological laboratory in 1905, and to a professorship in 1910. 
Psychology was continued in the Department of Philosophy, however, un- 
til Wenley's death in 1929. Then a separate Department of Psychology 
was created and Pillsbury was made chairman, the position he held until 
June of 1942, when he was retired at the age of seventy years to an 
emeritus professorship. 

Pillsbury carried to Michigan his enthusiasm for research and publica- 
tion gained from Titchener. His early years there were marked by hard 
work. During one semester, he had, as he reported in his autobiography, 
“a teaching schedule of forty-two hours a week.”!* For several years after 
joining the staff at Michigan he further improved his knowledge of the 
biological sciences, begun during the postdoctoral year at Cornell, by tak- 
ing courses in neural anatomy and by collaborating with W. P. Lombard, 
professor of physiology, on studying the influence of circulatory and re- 
spiratory changes, in particular the Traube-Hering waves, on the fluctua- 


An announcement of Pillsbury's appointment to i ip i i 
an instructorship in experi- 
mental psychology at Cornell appears in the April i L, 
O, EA o pril, 1897 number of this JOURNAL, 
Pillsbury was criticized, particularly during the earl i i 
dl wi , icu y and middle years of his 
service at Michigan, for not obtaining more rapid promotions of his colleagues in 
psychology. He, however, was not at fault, as Wenley, a strong and positive chat- 
acter, was the administrative head of the Department i a promotion were available, 
a ace $ whose work Rhian = close, was Ag to receive it. Pillsbury 
was a mild, gentle man; not a fighter, as the long union o i d philoso- 
phy at Michigan attests. : + i iam 
® Op. cit., 272. 
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tion of attention. Two papers published jointly with Lombard and nine 
papers from his laboratory resulted from this excursion into physiology.’* 

In 1902, the beginning of the most active decade of his life, he re- 
vised his translation of Kiilpe’s Efnleitung. The manuscript of the revision 
was, however, lost when the English firm to which it had been sent for 
publication went into bankruptcy shortly after receiving it. Due to the 
time required for the firm’s reorganization and in the preparation of a 
new manuscript, publication was delayed until 1904. In the meantime, in 
1903, shortly before he left for a trip abroad to visit the European labora- 
tories in psychology, he wrote his first book. This book, which was on 
attention, grew out of his dissertation and the experimental work on at- 
tention done in his and Lombard’s laboratories. It was written in Eng- 
lish but translated into French and published by a Paris firm as no Ameri- 
can or English firm was willing to undertake the risk involved in the 
publication of such a technical and highly specialized work. Because of 
the time required for the translation, the publication of L’ Attention 
was delayed until 1906, Except for the translation, which was evidently 
not made by a French psychologist as it was not always clear nor correct, 
the book was well received." Soon offers to publish the English text were 
forthcoming. Pillsbury chose, however, to rewrite and greatly to enlarge 
it, with the consequence that the English edition of Attention, which 
appeared in 1908, was practically a new book, Of all his numerous works, 
it is probably the one for which he is best known. 

During the first semester of the academic year 1908-1909, he gave a 
series of lectures on “The Psychology of Reasoning” at Columbia Moles: 
sity, a topic of interest acquired at Cornell while taking a course on the 
modern logicians” with J. E. Creighton, and sustained over the intervening 
years by a series of articles on reason, thought, and judgment.” These 
leceures were expanded and published under their title in antop—e 
year that he held the presidency of the American Psychological Associa- 
tion, was promoted to his professorship at Michigan, joined The Psycho- 
logical Review as Advisory Editor, and also the year marked by the trans- 
Sooo o a a 


aW. P. Lombard and W. B. Pillsbury, A new form of piston recorder and some 
of the changes it records, Amer. J. Perol, 3, 1899, 186-200; Secondary thythi df 
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lation of the English edition of his Attention into Spanish and its publica- 
tion in Madrid, 

From the vantage point of these achievements, he turned from the lab- 
oratory to the writing of textbooks and non-experimental articles. His first 
elementary textbook, The Essentials of Psychology, published in 1911, 
was eclectic in its point of view. Pillsbury was not a systematist, either by 
inclination or training, and he never pledged allegiance to any school.** 
He moved freely, therefore, from one system to another as his interest 
in the topics being considered dictated. Though professedly The Es- 
sentials was written from a functional point of view, he made use “of the 
results of structural psychology wherever they throw light upon function 
or are interesting for themselves.”*® The catholicity of his treatment proved 
to be popular. The book was widely adopted. It went through numerous 
printings, a revised second edition in 1920, and it was still so greatly in 
demand that it was profitable to publish a third edition in 1930. 

The Essentials was written for a short, a single semester, course. It was 
not adequate, however, for the longer, year-courses in elementary psychol- 
ogy which, by then, universities were offering in increasing numbers. 
Michigan very early offered two elementary courses: a semester course for 
students in Education and for those who wished merely an acquaintance- 
ship with psychology; and a long, two-semester course for students in- 
tending to major in psychology and for those desiring a more thorough 
survey than could be obtained in the short course. To meet the needs 
of the long course, Pillsbury wrote The Fundamentals of Psychology; 
which was published in 1916. This book is also eclectic in its point of 
view. As stated in the Preface, Pillsbury drew in its writing upon “the 
work of all schools’: functionalism, structuralism, and behaviorism—the 
latter had just recently appeared upon the psychological scene in America. 
He subordinated theory to fact and expounded the latter from the point 
of view from which it could most favorably be treated. Since beginning 
students have little or no appreciation of what is involved in a shift in 
point of view, the lack of system was advantageous and soon this book 
had achieved the popularity of his first. It, too, was widely adopted and 


used for many years: a revision was published in 1922, and a third edition 
in 1934. 


* Pillsbury left Cornell before the distinction between structural and functional 
psychology was drawn. The center of interest while he was there was in the labora- 
tory. Titchener did not identify himself as a structural psychologist until severa 
yas, Bi — he ects Be telona articles: The postulates of a structural 
psychology, Philos. Rev., 7, 1898, 449-465; Structural a i chology: 
Or a Gay 290.204. nd functional psychology 

8 Op. cit, vii. 
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During World War I, work was heavy upon Pillsbury. He remained at 
his post and took over the load of his colleagues as they entered the Serv- 
ices and other work for the National defense. There was little time for in- 
dependent work. He bethought himself, however, of the observations that 
he had made in Greece during his second trip abroad in 1912-1913, on 
mixed allegiance. To assist in the Balkan-Turkish War being waged at 
that time, many Greco-Americans returned to their mother country. Why 
did they leave America to fight for the country from which they had mi- 
grated? The answer seemed to Pillsbury to lie in the shift from nationality 
to internationalism. He developed this theme in The Psychology of Na- 
tionality and Internationalism, published in 1919. 

Beginning with his L’Attention in 1906, Pillsbury published a new 
book in psychology at about the rate of one every three years, In addition 
to the six mentioned above, he published the revised edition of his Es- 
sentials in 1920; the revised edition of his Fundamentals in 1922; Educa- 
lion as the Psychologist Sees It in 1925; The Psychology of Learning 
(with C. L. Meader) in 1928; The History of Psychology in 1929; the 
third revised edition of his Essentials in 1930; An Elementary Psychology 
of the Abnormal in 1932; the third edition of his Fundamentals in 1934; 
the second edition of his History in 1937; and his last work, A Hand- 
book of General Psychology (with L. A. Pennington) in 1942, the year 
of his retirement. y 

The break in the three-year rhythm of new books, which occurred in 
1922, was doubtless due to his trip to France, where he spent the academic 
year 1921—1922 as an exchange professor. He lectured one term at Tou- 
louse, the second at Montpellier, and the third at the Sorbonne, in Paris, 
and, as opportunity permitted, toured the country, lecturing at the smaller 
universities, In this schedule, little time availed for the writing of a book. 
He did, nevertheless, as he states in his autobiography,” find time to be- 
gin the writing of his provocative book on Education as the Psychologist 
Sees It. In this book he defended the theses that the results of education 
are actually the results of selection; that only the students with the greatest 
native ability succeed in passing through the educational system; and that 
they would have been successful men or women whether they passed 
through it or not. 

The Psychology of Language, which followed in 1928, was the out- 
growth of a joint course he had given for ten years with C, L. Meader, 
professor of linguistics. His History of Psychology, undertaken to fill a real 
need, as no American had written a text in this field, was also an outgrowth 
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of a course that he had taught for many years. He wrote it in Berlin dur- 
ing the summer of 1928, where he had gone to gain first hand knowledge 
of Gestaldt psychology and to be with his daughter who was studying there 
at that time. Though his book was one of three on History that appeared 
in 1929; his was sufficiently successful, because it was brief and simply 
written, to warrant the publication of a second edition in 1937. 

His last book, A Handbook of General Psychology, written with L. A. 
Pennington, one of his former students, is a strange potpourri of psy- 
chological information, as its subtitle, “A Summary of Essentials and A 
Dictionary of Terms,” indicates. It is divided into four parts: Part I is 
a brief elementary textbook; Part II, a 73-page dictionary of psychological 
terms; Part III contains 105 brief biographical sketches of psychologists; 
and Part IV is a bibliography of 62 reference books in general psychology. 
It is difficult to see for ‘what part of the trade’ it was written. 

In addition to these books, Pillsbury wrote many articles on psychology 
and cognate subjects. During his early years, these articles were con- 
cerned chiefly with experiments; his middle years, with essays and timely 
topical reviews; and his latter years, with historical and necrological notes. 
Due to his long life, he was frequently called upon to mark the passing 
of his early contemporaries (Titchener, Washburn, Claparéde, Jastrow, 
Yoakum, Cattell, Carr). 

Eleven books—two of them going through three editions, one through 
two editions, and one appearing in two foreign languages—one translation 
which went through two editions, and sixty-nine articles secure him place 
in the history of American psychology. He was one of the pioneers who 
founded laboratories and departments, who wrote books and edited jour- 
nals, who prepared the way for the generations of psychologists that fol- 
lowed him, He received, in recognition of his achievements, all the honors 
within the power of his confréres to bestow upon him, He was elected to 
the presidency of the American Psychological Association in 1910; to the 
presidency of the Western Philosophical Association in 1907; to the vice- 
presidency and chairmanship of the psychological section of the American 
Association for the Advancement of Science in 1913; to membership in the 
National Academy of Science, in 1925; to the National Research Council in 
1921; as a foreign associate of the Société française de psychologie in 
1925; and he held membership in the Linguistic Society of America, The 
Society of Experimental Psychologists, and the Midwestern Psychological 
Association. In addition to the lectureships at Columbia University and in 
France, previously mentioned, he gave the Henry Russel lecture at the 
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University of Michigan in 1933. In that same year his Alma Mater, the 
University of Nebraska, conferred the LL.D degree upon him. 

Throughout his professional career, Pillsbury gave freely of his time and 
experience to editorial work. In addition to his long service (sixty-four 
years) on the editorial board of this JourRNAL—the longest editorial 
service on record—he served The Psychological Review, as noted above, 
for twenty years, from 1910-1929. He was also an associate editor of The 
Journal of Social Psychology for thirty-one years, joining its staff at its 
founding in 1930 and remaining on it until his death. Earlier, he edited 
the series of “Studies from the Psychological Laboratory of the University 
of Michigan,” which ran from 1901 to 1905; and, with J. W. Baird and 
M. F. Washburn, the commemorative volume, Studies in Psychology, pub- 
lished in 1917 in Titchener’s honor by his colleagues and former students. 

Pillsbury was subject to petit mal through most of his life.2° This af- 
fliction did not, as we have seen, affect his productivity nor his ability to 
work, nor did it shorten the span of his life, but it may have affected his 
personality. He was not the self-assertive man that one of his position, 
honors, and achievements might well have been. He was a gentle man— 
modest, retiring, and unobtrusive. Though always cordial and friendly 
with acquaintances, he held himself a bit aloof and allowed himself but 
few close and intimate friendships. Those who succeeded in breaking 
through his reserve, found his friendship firm and true. : 

He is survived by his wife, Mrs. Margaret M. (Millbank) Pillsbury; 
daughter, Margaret Elizabeth (Mrs. Warren Baxter) and her three children 


and four grandchildren; and son, Walter Millbank Pillsbury. 
i Kart M. DALLENBACH 


University of Texas 


™ Despite this infirmity, Pillsbury was mentally alert and in excellent physical 


condition throughout his life. His senses, especially his eyes: showed no deteriora- 
tion with advancing age. When he passed middle life, he needed glasses Er a 
work, but not for other activities. His eyes were exceptional, without to will 
astigmatism. His corneas were in such excellent condition that he za aa o j fens 
his eyes to the eye-bank of the University Hospital. He agreed, and within 5 ea 
hours after his death his corneas were trans Janted, restoring the vision © a E 

man. Thus his outstanding characteristics, kindness and humanity, were exp! 


even after death. His body, at his request, was cremated. 
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FORM AND ITS ORIENTATION: A CHILD'S-EYE VIEW 


By Lita GHENT, The George Washington University 


The orientation of pictorial material usually is determined by the posi- 
tion of the figure with respect to a frame of reference provided by the 
environment or by the observer. The figure is considered right side up, oF 
correctly oriented, when it is in the usual or familiar position with refer- 
ence to the frame, Nonrealistic, or geometric, figures are not, however, 
usually considered to have a ‘tight side up’ orientation (except in certain 
esthetic judgments). 

Some chance observations indicated that young children show prefer- 
ences for the orientation of geometric forms, i.e. they consider certain non- 
representational forms to be right side up in one orientation and upside 
down in another, Such a finding would be surprising in any age-group, but 
it is particularly unexpected in preschool children in view of the customary 
belief that young children are unresponsive to the orientation of forms. 
This report describes a systematic investigation of these curious preferences 
the implicatons of the results for the more 


for orientation and discusses € 
ation on the child's perception 


general problem of the influence of orient 
of form. 


EXPERIMENT I 


Children of various ages were tested to determine the consistency of 
form were used in an 


preference at different ages, and various types of y 
attempt to analyze the aspects of the stimulus that determined preference. 


Subjects. The Ss were 78 children between the ages of 4-8 yr. There were 2 
aged 4 yr., 26 aged 5 yf, 14 aged 6 yr, and 16 aged 7-8 yt.» with approximately 


the same number of boys and girls in each group. The children were enrolled in a 


child care center situated in a low-income atea in New York." 
Procedure. ‘Twenty-six pairs of pictures were presented to 
asked to point to the one that was upside down or wrong: 


each child, and he was 
The members of each 


v4 : cho: 
* Received for publication December 4, 1959. This study was begun at the Ps 
physiological Labaretbie New York University-Bellevue Medical mee and A 
supported by a grant to the laborato. from the Commonwealth Fund of New York. 
The work was continued at the Pediatrics 
New York, Downstate Medical Center, and was sup] 
from the National Institute of Mental Health, Public Health Service. River Child 
The writer is indebted to the Director and teachers of the Bronx iver 
Care Center for their coöperation. 


177 


178 GHENT 


pair of pictures were identical except that one was rotated 180° with respect to the 
other. Five pairs of realistic forms were presented first (rooster, flowerpot, shoe, cat, 
chair), then the 16 pairs of the nonrealistic forms shown in Fig. 1, and finally an- 
other 5 pairs of realistic forms (tree, boat, cup, clown, horse). The series was al- 
ways shown in the same order. 

E sat beside § and held two pictures of every form with vertical axes reversed 
(one in each hand) in front of S, with a distance of 4-6 in. between the closer 
edges of the cards. $ was allowed as much time as he wished to make a choice and 
was allowed to change his choice, if he desired, He was not told, however, whether 
his choices were right or wrong, although he was encouraged in a rather general 
way throughout the testing procedure. The only exceptions were the very few in- 
stances in which $ made an error on the realistic forms. When this happened, E 
said, “Are you sure that is the upside down one? Go slowly now, and always pick 
the one that looks upside down or wrong.” The Ss of 6 yr. and older frequently 
balked at choosing between the nonrealistic forms, but E urged them to guess. 

Results. Perhaps the most striking result was the ready acceptance by the 
preschool children of the problem of choosing the upside down member 
of a pair of nonrealistic forms. When the pairs of nonrealistic forms were 
introduced, the Ss of 4 and 5 yr. made their choices with the same speed 
and ease that they had shown with the representational forms. They did 
not hesitate, nor did they comment on the pictures at this point; in general, 
they behaved as though the problem had not changed. The children over 
6 yr. of age usually hesitated for a few seconds when the nonrealistic 
forms were first presented, and they often were reluctant to choose between 
the cards. These older children would say, “I can’t tell,” or “It doesn't 
matter,” or the like. 

A summary of the responses to each pair of nonrealistic forms is pre- 
sented in Fig. 1, which shows the percentage of children in each age-sex 
grouping choosing the card as upside down in the orientation shown here. 
In the 4-yr.-old group, the frequency of choosing the card as upside down 
in the orientation shown in Fig. 1 was significantly greater than would be 
expected by chance (5% level) for all cards except Forms 4, 7, 13, 14, 
and 16. The consistency of the response to some items was extraordinary 
in the youngest group, with more than 95% of the 4-yr.-olds choosing as 
upside down Forms 1, 3, 5, 9, 10, and 15. 

With increasing age, the choices remained essentially the same, and sig- 
nificantly different from chance in all age-groups (with a minor exception) 
for Forms 5, 9, 10, 11, and 12. (The exception is that the responses of the 
Ss of 7-8 yrs. fell just short of the 5% level of significance for Forms 11 
and 12.) Responses that were consistent in the 4-yr.-old group, but ran- 
dom in the oldest group, occurred for Forms 6, 2, 3, and 15, with sig- 
nificant differences (p < 0.02) appearing between the youngest and oldest 
groups for the latter three items. Other items showed a change from ran- 
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Fic. 1. PERCENTAGE OF Boys AND GirLs IN EACH AGE-GROUP | CHOOSING 
Carp AS Upsipe DOWN IN THE ORIENTATION Sao ER ae 
Each card was 4 in, on a side and did not have the black border s! 5 


domness to consistency (Forms 7, 13) or an actual reversal of preference 
for orientation (Forms 1, 8). 
When the incomplete circle ( 
the card was considered upside down by 86% 
it was considered right side up by 81% of the 7-8-yr.-old Ss (P ci 


Form 8) was oriented with the gap 0n top, 
of the 4-yr.-old Ss, whereas 
0,001). 
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The responses to the incomplete square (Form 7) were random in the 
4-yr.-old group, but the older boys consistently preferred the square with 
the gap on top. Comparison of the responses to the incomplete square of 
the 4- and 5-yr.-old boys with those of the 6-8-yr.-old boys showed a sig- 
nificant difference between the age-groups (p < 0.02). 

Both for the incomplete circle and for the square, a sex-difference ap= 
peared in the older age-groups. Comparison of the responses of the boys 
and girls in the 6-8-yr.-old groups showed a significant difference be 
tween them for the incomplete square (p < 0.01) and the incomplete cir- 
cle (p < 0.05). 


It is clear that consistent responses to the orientation of form appear, not only for 
realistic figures, but also for geometric forms, in the 4- and 5-yr.-old child. Do these 
results reflect a true preference for orientation of nonrealistic forms, or is the prefer- 
ence due to the child’s perception of the geometric forms as representations of real 
objects? The second interpretation is not supported by the children’s spontaneous 
verbalizations, nor by their responses to questions. For example, the children did 
not consistently name, or say that they recognized, the card considered right side up. 
Sometimes, in fact, a child would give two names for each form, one for each orien- 
tation. (The crescent was called a bridge in one orientation and a bowl in the other 
by the same S, who nevertheless chose the ‘bowl’ as upside down.) When the 
young Ss were asked how they knew which picture was wrong, they usually replied, 
“I see it” or “I can tell” or the like. It is striking that not a single child suggested 
that the right side up picture was right because he could see what it was. : 

Granted that a genuine, although unexplained, preference for orientation exists, 
let us consider this phenomenon from the point of view of age. The frequency of - 
preferences was highest in the Ss of 4 and 5 yr. of age, and essentially the same in 
both age-groups. There was a decline in preferences for orientation with age, but this 
change cannot be described as a simple decrease in strength of preference. A prefer- 
ence, when it appeared in the older S, tended to be as strong as in the younger $ 

(Forms 5, 9, 10, 11, 12); fewer figures, however, evoked preferences in the older S. 
Perhaps the most puzzling change with age was the appearance of preferences that 
were not present in the young child. The changes in response to the ‘V’ (Form 1) 
and the "Y’ (Form 13) are not surprising, since the responses of the older Ss are — 
consistent with the perception of these forms as letters. The changes in response 
to the incomplete circle (Form 8) and the incomplete square (Form 7) cannot be 
accounted for so simply. 

An interesting aspect of the change with age in response to the figures with a gap 
is that the change occurred earlier in the boys than in the girls, An isolated finding — 
of different responses to visual form by boys and girls would be of little signifi- 
cance in itself. It also has been found, however, that, in the same age-group, boys 
are better than girls in the recognition of tachistoscopically presented realistic forms.” 
The finding of two instances in which the response to form can be considered to be 
more developed in boys than girls is of significance for understanding sex-differences 
ese) a Oe ee eee ae 

2 Lila Ghent, Recognition by childr istic figures i i i- 
denota; Canad. J. Psychol., Y geen ied ee Soe 
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in perception and raises the possibility that these changes (with age) in perception 
reflect related processes. 

The most important problem raised by the finding of preferences for orientation 
is that of defining the characteristics of the cards selected as upside down. For this 
discussion, changes with age will be ignored, and the responses of the preschool 
§s will form the basis for the analysis. Some of the forms were originally 
on the hypothesis that ‘openness’ in the top part of the figure characterized the 
upside down card. While most of the forms with an open top were 


(compare, for example, Forms 1-4 and 5-8 of Fig. 1). Another possibility is that 
the upside down cards were unstable or top heavy, but the data do not support this 
view either (see Forms 9-12, 14, and 16). 

The interpretation that appears to be most consistent with the data is 
that the card was upside down when the focal portion was in the lower half 
of the card. That is, let us assume that the figures eliciting significant pref- 
erences had one portion that caught the ‘attention,’ or drew the eye, more 
readily than did other portions. The angle of the V, the point of intersec- 
tion of the T, the rounded portion of the crescent, and so on, each might 
be considered the focal portion of the particular form. When these por- 
tions of the figures were at the bottom, the cards were called upside down 
by the children. 


EXPERIMENT II 


The main difficulty with this interpretation is that the designation of 
‘focal’ is made post hoc. For the experiment to be described now, a set of 
very simple cards was designed in which the focal part was designated 
beforehand, and, in most instances, there was little ambiguity as to whether 
or not the stated portion could be be: as focal (Fig. 2)- ee 
ple cards were used to test the hypothes: 
upside down when the focal portion was in the lower pans On the assump- 
tion that the hypothesis would be confirmed, an additiona 


included in the second experiment to explore some determinants of the 


focal portion of complex figures—brightness, size, and other variables. 


Subjects. Forty children of preschool age were tested in the nursery pig? oe 
viously described, but none of these children had participated in the se ee 
ment. The 4-yr.-old group consisted of 11 boys and 11 gitls, and the 5-yr.-0 group 
of 9 boys and 9 girls. i 

Procedure. Thirty-four pairs of cards were used, 10 realistic, as 
forms, One member of each pair of the nonrealistic forms can be seen 2 Ba 4 
Fig. 3. The realistic forms were the same as those previously used, ne or a 
periment, one pair appeared at the beginning and at the end, and the E = 
eight pairs were distributed throughout the series. The cards were presen! 


and 24 nonrealistic 


Fic. 2. PERCENTAGE OF Boys AND GIRLS IN EACH AGE-GRouP CHOOSING 
Carp AS UPSIDE DOWN IN THE ORIENTATION SHOWN. 
With the exception of Card 13, each card was 4 in. on a side and did 
not have the black border shown here. 


sequence to half the children in each age-sex grouping, and in the reverse order to 
the remaining children in each group. 

Results, Fig. 2 shows the responses to the simple cards in which there 
was little ambiguity, in most instances, as to which portion constituted the 
focal part. The preferred position of a simple line or dot was investigated 
with Cards 1-6, It is clear that the card was considered upside down when 
the figure was in the lower part of the card. When the line was centered, 
it was considered wrong when placed horizontally instead of vertically. The 
next set of cards shows that, with a simple line interrupted in various ways, 
the cards were considered upside down when the point of interruption 
(the assumed focal portion) of the line was in the lower half of the card. 
Finally, simply dividing the card itself, as in Cards 11-13, evoked the 
response of upside down when the line of division was in the lower por- 
tion. Card 14 appears to be an exception to this generalization, and con- 
stitutes the only instance (in this group of cards) in which the predicted 
choice was not made. 


a +. e 
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Fig. 3 shows the responses to the cards that were designed to explore 
the effects of differences in size and intensity in evoking preferences, or, 
in view of the results just described, in determining the focal portion. 
Black appeared to be more focal than white when the areas were equal 
(Card 5), even in the absence of a white background (cf. Fig. 1, Form 
11). The preference for black on top was reversed, however, by the pres- 
ence of dots in the white portion; that is, the dots were figural in contrast 
either to solid black (Card 6) or to solid white (Card 7). The effect of 
intensity was investigated further with the card consisting of three shades 


all 8 CoS 
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Fic. 3. PERCENTAGE OF Boys AND GIRLS IN Eacu AGE-GROUP CHOOSING 
CARD AS UpsibE DOWN IN ORIENTATION SHOWN 
Fach card was 4 in. on a side and did not have the black border shown here. 
Card 8 consisted of three shades of gray, the background be! 
intermediate in brightness between the dark and light portions ©! the 
figure, Card 9 consisted of a bright orange-red, and a dark royal blue. 


of gray (Card 8); the responses were not different from chance. Prelim- 
inary investigation of responses to color (Card 9) indicated that 70% of 
the group considered the card upside down when the dark royal blue was 
at the bottom (p < 0,02); this preference could be due to difference either 
in color or in intensity. f 
The effect of the size of a figure in determining focal quality was inves- 
tigated in relation to reversal of brightness between figure and ground, 
and in relation to the presentation of the figure in solid or outline form. 
The smaller figure consistently appeared to be the focal portion for the 
5-yr.-old group, although the responses were significantly different from 
chance (p < 0.02) only in the case of the solid black square on the white 
ground. Consistent preferences did not appear in the 4-yr.-old group, and 
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the choices of the 4- and 5-yr.-old groups were significantly different (p < 
0.05) for both cards with solid squares (Fig. 3, Cards 1 and 2). Reversal 
of the brightness-relations between figure and ground did not change the 
responses to the outline figures, but it did exert a significant effect with the 
solid figures. That is, 23 Ss made the same response to Cards 1 and 2 (Fig. 
3). Thirteen Ss considered the card with the large square on top upside 
down when the background was white but right side up when the back- 
ground was black, whereas only 4 Ss showed the converse change. Eval- 
uation of the change in response to different cards by the same individuals 
yields a chi-square for correlated proportions of 4.76 (p < 0.05). 

The only significant sex-difference found in this experiment was in re- 
sponse to the outline white squares on the black ground (Fig. 3, Card 4), 
with the boys, in contrast to the girls, showing a strong preference for the 
smaller square on the top. Since this type of response (to the cards with 
the squares) appeared more frequently in the children of 5 yr. than in 
those of 4 yr., the boys’ response could be interpreted as more mature than 
that of the girls. 


The results of Experiment II confirm and extend the observations reported pre- 
viously. Again, young children showed marked preferences for a particular orienta- 
tion of nonrealistic forms, and, furthermore, these preferences appeared to be related 
to the position of the focal part of the figure. The reader may inquire whether these 
preferences can be obtained with other methods. In work not reported here, the 
cards have been shown singly and S asked whether each card was upside down of 
right side up; in other instances, $ has been given the pile of cards, in random ordet 
and orientation, and has been required to place each card in the right side up position. 
For most figures, the preferences remained the same and as strong, regardless of the 
method of presentation used. The data of Experiment II will be discussed with re- 
spect to three findings concerning the determinants of correct orientation of non- 
realistic figures: (1) the position of the focal portion; (2) the role of the vertical; 
and (3) the effects of brightness and size in defining the focal part. 

(1) It was clear that, when the focal portion could be defined in an unambiguous 
way, the card was considered upside down if this focal portion was in the bottom 
part of the card. When a single homogeneous figure, such as a dot or a line, was 
placed in the lower portion of the page, the card was considered to be upside down 
(Fig. 2, Cards 1-4). When a simple figure was interrupted by a gap or a line, 
producing a non-homogeneous figure, the card was considered upside down when 
the interrupted portion was in the bottom half of the card (Fig. 2, Cards 7-10). 
When the card itself was divided into unequal portions of black and white, the card 
was considered upside down when the line of demarcation was in the lower portion 
of the card (Fig. 2, Cards 11-13). An apparent exception to this general finding 
was the absence of consistent responses to Card 14 in Fig. 2. In this instance, it is 
possible that some of the children were responding to the position of the figure 09 
the card, in which case it would be upside down when the bottom part of the 
card contained the figure, whereas other children were responding to the orientation 
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of the figure itself, in which case it would be upside down when the bottom part 
of the figure contained the focal portion (cf. Fig. 1, Form 9). 

(2) The vertical axis appears to play a role in determining correct orientation that 
is separable, at least in part, from the position of the focal portion. The children 
showed a strong preference for a centered homogeneous line in the vertical as 
opposed to the horizontal orientation. Incidental observations suggest that the prefer- 
ence for verticalization may sometimes override the tendency to place a homogeneous 
figure in the upper space of the card. For example, with the pair of cards consisting 
of a horizontal line in the upper portion of one card and a horizontal line in the 
lower portion of the other card (Fig. 2, Card 3), one $ spontaneously called them 
both wrong. (When asked which one was more wrong, he pointed to the one with 
the horizontal line at the bottom.) Further, the Ss who were presented with the 
cards one at a time and asked to put them right side up often turned these cards 
in such a way that the lines were in the vertical position. Some of the children also 
turned the cards that were divided into black and white portions in such a way 
that the line of juxtaposition of the black and white was vertical rather than hori- 
zontal (Fig. 2, Cards 11 and 12) 

(3) A subsidiary purpose of the second experiment was to explore the effects of 
relative brightness and size in determining the focal aspect of a figure. If the young 
child prefers the focal part in the upper portion of the figure (as indicated by the 
responses to the cards in Fig. 2), then the part preferred on top can be used as a 
measure of the portion of the figure perceived as focal. Other factors being equal, it 
appeared that black was more focal than white (Fig. 3, Card 5), and there was a 
tendency for darker portions in general to be more focal than lighter portions (Fig. 
3, Cards 8 and 9). When a large and a small figure were opposed, the small figure 
was the more focal one in the 5-yr.-old group, but the 4-yr.-old children were equally 
divided in their choices (Fig. 2, Cards 1-4). Similar results have been reported for 
adults in the perception of reversible figures, where there is some dominance o£ 
black over white, and of small areas over large areas, in determining the figure seen. 


INTERPRETATION 


It is clear that the young child is not insensitive to the spatial position of 
forms; on the contrary, he has preferences for the orientation of nonrealistic 
forms that have been hitherto unsuspected by his adult examiners. It will 
be proposed here that these preferences derive from some characteristics of 
form-perception in the young child, and that perhaps form-perception 1n 
the adult is not entirely free of similar influences. À 

Development of form-perception. There is general disagreement tn the 


1 There were two kinds of response in the single-card situation to the cards that 
were simply divided into black ‘and white portions—the line of denen was 
verticalized, or was placed in the upper part of the card. Since only a sma aa 
of children were tested in the pra R] condition, it is difficult to peaa a 
two types of response, but there was a tendency for the younger children to pu 
line of demarcation on top and for the older children to verticalize, it. WS 
“H. Goldhamer, The influence of area, position, and brightness in n visual per 
ception of a reversible configuration, this JOURNAL, 46, 1934, 189-206. 
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form-perception, The Gestalt view is that the perception of simple forms 
does not show any genetic development, whereas the opposite position has 
been taken by such diverse writers as Hebb’ and Piaget. The present 
writer takes the latter position and leans in particular on the framework 
provided by Hebb for the development of the perception of form. 


Let us first assume that the process underlying form-perception in the young child 
involves a sequential consideration of the figure, or scanning of its various parts. 
Let us further assume that certain portions of a figure catch the attention, or ‘draw 
the eye,’ more readily than do other portions. The scanning of a figure would, then, 
begin with such a focal portion.’ The results of the experiments just reportec indi- 
cate that the young child prefers this focal part to be at the top of the figure, a id he 
prefers the main axis of the figure to be vertical. These two preferences both could 
be manifestations of a tendency to scan a figure in a downward direction. That is, 
it is suggested that scanning of a form does not proceed in a random order from 
one focal part to another, but tends to start at the top and continue downward. 

If there is a preference for scanning in a top-to-bottom direction (in the develop- 
ing stage of form-perception), then the position of the figure can conform to, of 
be in conflict with, this tendency. For example, the 'V,’ with the angle at the bottom, 
would contrast with the preferred sequence of scanning, since attention would be 
drawn first to the angle in the bottom portion of the figure in contrast to the pre- 
ferred tendency to start at the top and continue downward. When the ‘V’ is oriented 
with the angle on top, attention again would be drawn to the angle first, and the 
lines of the figure then would be consistent with the tendency to scan downward. 
From this point of view, a geometric form is considered right side up when the 
position of the form on the card conforms to, or reinforces, the preferred sequence 
of scanning,’ and the form is upside down when it is placed in a position that 
opposes the preference. 


*D. O. Hebb, The Organization of Behavior, 1949, 17-106. 
* Jean Piaget, The Psychology of Intelligence, 1947, 56-66. 

The reader may object that the form must be ‘perceived’ as a whole before the 
focal point can be ‘identified’ and serve as the starting point of a scanning process. 
The sense in which the term ‘focal’ is used here does not require that the whole be 
perceived’ first, but it does require that the whole figure fall on the retina regardless 
of which part of the figure is fixated first. This condition is fulfilled, as can be 
readily seen from the size of the card and its distance from the eye. That one por- 
tion se ae prem. aa Pe more effective than another in producing an eye- 

A awing the attention, is a r i 

original one (see discussion by Hebb, op. cit., bee cas al ae 

Although the objection that the focal aspect can be perceived only secondarily has 
been raised predominantly by Gestalt psychologists, the objection is more in the 
spirit of Helmholtz’ ‘unconscious inference’ than of Gestalt field-effects. In the 
Gestalt view, the focal aspect of a configuration would be given as a primary quality 
resulting from the simultaneous interaction of the various parts of the field. The 
position taken here is entirely consistent with the assumption of field-effects, but 
departs from the Gestalt view in that form-perception is not assumed to be a single, 
unitary process. 
3 8 ‘Scanning’ could refer to overt eye-movements or to an internal motor process, 
i.e. the motor facilitation of a cell-assembly suggested by Hebb. It has been found 
that eye-movements are not necessary to elicit preferences for orientation (Lila Ghent, 
Lilly Bernstein, and A, M. Goldweber, Preferences for orientation of form under 
varying conditions, Percept. mot. Skills, 11, 1960, 46). ‘Scanning’ is used here to 
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This interpretation of the young child's preferences for orientation implies that the 
child makes a judgment of orientation radically different from the usual one. It 
generally is assumed that the judgment refers to a comparison of the relation between 
a given form and its framework with the relation between another instance of the 
form and its framework. In contrast, it is proposed here that the perception of orien- 
tation in the young child is a judgment of whether or not the form is oriented in 
such a way as to conform with factors that operate in the actual perception of the 
form. 

The possibility that different types of judgment are made by the child and the 
adult my explain why earlier workers in this area have concluded that the spatial 
orientation of a form is irrelevant to the young child. The observations that have 
been made indicate that the young child does not compare, or does not match, the re- 
lations between forms and their environments.” It is appropriate to conclude from 
such data that the orientation of a form, in the adult sense, is not perceived by the 
young child, but it is inappropriate to conclude that the orientation of a form is 
without influence on the child's perception.” The child's lack of response to orienta- 
tion in the adult sense appears to be due to an inability to make the complex com- 
parison of the relations required for the judgment. An alternative type of judgment 
has been proposed to account for the child’s sensitivity to orientation, as indi 
by his preferences for orientation. 

It has been stressed that the child’s judgment of orientation does not relate the 
position of a form to its framework. Nevertheless, the ‘top’ of the figure and the 
‘downward’ direction of scanning must be defined with respect to a framework. In 
principle, these terms could be defined either with respect to an environmental 
framework or to a retinal framework; the argument developed here, however, would 
seem to require that the framework be a retinal one. In a separate study, Ghent, 
Bernstein, and Goldweber investigated the determinants of the phenomenal upright 
in preschool children by asking the children to judge the orientation of realistic Te 
geometric figures while they were standing with their heads between their legs. It 
was found that orientation was judged with respect to the retinal, and not the en- 
vironmental, framework. 


The interpretation offered for the preferences for orientation suggests 
that the judgment of the orientation of a figure is not separable, for the 
young child, from the perception of its shape. That is, a figure is called 
right side up if its position facilitates the tendency to scan in a top to bot- 
tom direction and hence facilitates the perception of the form. The burden 


veers Eua icular se- 
refer to an i ess facilitatin, eptual activity in a particu 
an internal motor proc pan d derive from overt eye-move- 


quence; this sequential oransal conceivably coul 
ments made in an early stage of development. ': e ; 

? Charlotte Rice, The pe IA of plane figures as a factor in = pe by 
children, Child Devel., 1, 1930, 111-43; Helen Davidson, A stu To bare a 
young children, J. genet. Psychol. 45, 1934, 452-65; Davidson, A study 


fusing letters, B, D, P, and Q, J. genet. Psychol., 47, 1935, 458-68. i, art 
i For example, it has we TE claimed that young children recognize realiai; 
figures equally well in any orientation. A direct test of this ETET ap oHe 
cated that young children are particularly dependent on the right side up 
tion of realistic figures for their recognition | Ghent, op. cit 249.) 
ü Ghent, Bernstein, and Goldweber, op. ¢#., 46. 
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of proof of this argument rests on a demonstration that orientation does 
affect the recognition of form, and evidence in support of this position 
has been obtained. Ghent and Bernstein found that preschool children 
recognized geometric forms presented in the right side up position more 
frequently than forms presented in the upside down position.?* 

Changes with age. It has been suggested that the basis for the judgment 
of orientation is different in the preschool than in the older Ss, and the 
ready acceptance by the younger Ss of the problem of judging the orienta- 
tion of non realistic forms did, indeed, contrast with the hesitant and ques- 
tioning attitude of the older. The difficulty with this simple formulation is 
that the older Ss were, nevertheless, able to make consistent judgments of the 
orientation of the nonrealistic figures, as discussed in Experiment 1; fur- 
thermore, similar judgments of (or preferences for) orientation of non- 
realistic figures have been found in adults.!* The difference between younger 
and older Ss may be described by saying that the younger Ss have only one 
basis for the judgment of orientation, whereas the older Ss have two bases 
available; when the usual conceptual judgment cannot be made, the other 
basis for judgment comes into play. Although this formulation allows for 
the persistence of preferences in the older Ss, it does not account for the 
fact that the pattern of preference in the older Ss differs in at least two 
respects from that of the younger Ss. It will be recalled that the number of 
cards evoking preferences in the older Ss was less than in the younger Ss, and 
that the older Ss showed a few preferences that were significantly different 
from those of the younger Ss. 


The finding that children of school age and adults showed fewer preference for 
Orientation than preschool children is difficult to interpret. To some extent, the older 
s may look for meaning in the nonrealistic representations in an attempt to make the 
judgment of orientation on the usual basis; this tendency, acting on different figures 
for different Ss, would increase the probability of random fesponses appearing for 
the group. It is more likely, however, that the decrease in number of cards evoking 
preferences in the older Ss reflects some more general change in perceptual processes 
with age. The most obvious possibility is that sequential consideration of a form 
plays a diminishing role in form-perception in the older Ss; perhaps the definition 
of the focal part of a form does itself change with age. 

The possibility that the focal aspect of a form may change is suggested, in part, 


by the responses to the figures with the gap (Fig. 1, Forms 7 and 8). The preschool 


children considered these figures upside down when the gap was on top, whereas 


* Lila Ghent and Lilly Bernstein, Influence o i i i 
on, their recognition by children, Percept. mot. Some Digna — en 
Significant preferences for the orientation of some nonrealistic figures have been 
found in two groups of college students, one group tested with the cards Si Experi- 
ment I and the other group tested with those o Experiment II (Unpublished study). ` 
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the older children (and the group of adults referred to in Footnote 13) considered 
the figure upside down when the gap was on the bottom. This reversal of preference 
can most readily be interpreted by assuming that the line was focal for the younger 
Ss and the gap for the older $s.“ It will be recalled also that the response to the 
figures with the large and small squares (Fig. 3, Cards 1-4) showed some changes 
with age, suggesting that the small square might be considered focal for the 5-yr.-old 
Ss and the large square for the 4-yr-old Ss. The possibility that the stimulus- 
characteristics defining ‘focal’ change with age in some instances raises difficulties 
for the definition of the focal part of a form, and there is risk of any definition 
becoming merely a tautology. To the extent, however, that further work can define 
the stimulus-characteristics preferred on top at different ages, the problems associated 
with the term ‘focal’ will be correspondingly diminished. 

Although there is relatively little that can be said about developmental changes 
in the perception of form and its orientation after the preschool age, the existence 
of a type of judgment of orientation not heretofore considered has been suggested 
here. It seems reasonable to assume that the judgment of orientation of nonrealistic 
forms in the older Ss is closely related to the judgment of the preschool Ss. If the 
adult has a basis for judging the orientation of nonrealistic forms, and if this judg- 
ment indicates a tendency to scan form in a top-to-bottom direction, then one would 
expect these characteristics to manifest themselves in material other than that 
described here. g 

There are, in fact, a number of observations indicating asymmetry in the vertical 
axis in the perception of adults. Arnheim has reported that adults judge the onte 
tion of abstract art with significant consistency —nonrealistic pictures appeared right 
in one orientation and ‘wrong’ when rotated 90 or 180°." Furthermore, all written 
languages of which the present writer is aware are read in a top-to-bottom direction 
rather than from the bottom to the top, although all other variations in direction 
seem to be present. Perhaps the asymmetry in the vertical axis most relevant to the 
results described here is that the perceptual center appears to be above. Hi mue 
center, as indicated by a constant error in the bisection of the vertical line, and 
by the assumption by designers of advertising layouts that the ‘optical center’ is 
above (and to the left) of the midpoint of the page.” Presumably the same phe- 
nomenon accounts for the elementary rule in industrial design that a figure to be 
put in a frame, such as a picture on a mat or print on a page, must not be centered 
in the frame, since the figure would then appear to be below the center. The 
apparent preference of adults for the placement of a figure above the true middle of 
the background might be described as an attenuated form of the preference mee: 
by the young child for the placement of a figure in the upper portion of a car 
(Fig. 2, Cards 1-4). 


“The Witte-König fusion-effect described by Helson and Wilkinson alo, mdk 
cates that a gap has a focal or dominant quality in the perception of adults (Harry 
Helson and AE. Wilkinson, A study of the Witte-K6nig paradoxical fusion-effect, 
t is JOURNAL, 71, 1958, 316-20). r 

s Rudolph Arnheim, Art and Visual Perception, 1954, 18, 378. PAETE ST 

M. J. Delboeuf, Note sur certaines illusions d'optique, B e oe 
ee es Sciences, des Lettres, et des Beaux-Arts de Belgique, 2me Stric, 12, Fi 
$ O; 
* Stephen Baker, Advertising Layout and Art Direction, 1959, 40. 
* Harold Van Doren, Tedustrial Design, 2nd. ed., 1954, 151-52. 
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It has been proposed here that the sequential consideration of form in a 
downward direction plays a role in perception of young children and, to 
a lesser degree, in the perception of adults. It has already been suggested 
that sequential organization in a particular order could derive from move- 
ment of the eyes in scanning a form during the development of form-per- 
ception. The recent work of Ivo Kohler'® and of Held and Hein,” in line 
with the theory of Von Holst," indicates that organization of the percep- 
tual world is strikingly affected by self-initiated movements of the organ- 
ism; the role of such movements may be manifest primarily in the early 
stages of development (infancy) or of reorganization (e.g. after pri matic 
distortion). 


SUMMARY 


Investigation of the response of preschool children to pictures varying 
in orientation revealed that young children show remarkably consistent 
preferences for a particular orientation of nonrealistic figures as right side 
up. Such preferences are surprising, since they are clearly not learned from 
adults in the culture, and they seem to contradict the customary belief that 
young children are particularly unresponsive to the spatial orientation of 
visual forms, Í 

Analysis of the stimulus-configurations eliciting preferences indicated 
that the young child prefers the focal part of the figure to be in the upper 
portion of the figure or the card; some data suggested, in addition, that 
the child prefers the main axis of the form to be in the vertical orientation. 
These preferences have been interpreted as indicating that, in the develop- 
sis of form-perception, scanning of form proceeds in a downward direc- 
ion. 

When the position of the focal part is such as to conflict with this se- 
quential consideration of the form in a downward direction, the child 
considers the form to be upside down, Judgment of the orientation of a 
form is usually considered to be based on the relation of the position of a 
particular figure to the position of other figures in the environment, 
whereas it is suggested here that, for the young child, the judgment may 
be based on whether the position of the form facilitates, or conflicts with, 
moyement-tendencies of the child. 


» Ivo Kohler, Experiments with prolonged optical di i t 
the, International Congress of Psychology, Moatreal, cok soy] papoan 
Richard Held and A. V. Hein, Adaptation of disarranged hand-eye coördination 
areas — gf rire greet Percept. mot. Skills, 8, 1958, 87-90 
. von Holst, Relations een the cent sten "the peri ! 
organs, Brit. J. Animal Behav., 2, 1954, 89.94, pe eeeerenen'a8d the peripher? 


THE QUANTAL HYPOTHESIS AND THE 
THRESHOLD OF AUDIBILITY 


By Jonn F. Corso, The Pennsylvania State University 


In a recent paper, Corso reviewed the neural quantum theory of sensory 
disctimination.t He pointed out that, among other factors, the resolution 
of the issues involved in this theory requires further work along two major 
lines: (a) “the development of a more satisfactory technique for statis- 
tically testing the goodness of fit of the quantal and phi-gamma hypotheses 
to a set of experimental data; and (b) the determination of the specific 
conditions under which rectilinear psychometric functions may be ob- 
tained.”? The present study consists of two experiments related to these 
requirements. In these experiments, the neural quantum theory has been 
approached from a consideration of curves of absolute sensitivity, rather 
than from psychometric functions of differential sensitivity, as has been the 
case in most previous studies. 


The first attempt to obtain evidence on the quantal nature of sensory functions 
from absolute thresholds was that of Békésy in 19362 For a single O, minimum- 
audible-pressures (MAP) for pure tones were determined from about 2 to 50~ 
by alternately increasing frequency and decreasing intensity throughout the frequency- 
range tested. When the threshold curve was plotted with sound pressure in db. 
above 1 dyne/sq. cm. as a function of frequency, the curve showed a series of 
‘steps’ which occurred at fairly regular intervals between 4 and 50~, with the most 
prominent step at 18~. These ‘steps’ were taken as an indication of the “quantum- 
like character of the nerve processes” involved in the determination of the absolute 
threshold. 

In 1944, DeCillis used a quasi-quantal procedure to study the absolute threshold 
for tactual movement.t Three Os were required to indicate the presence or absence 
of movement as a fine column of air (at a pressure of 35 Ibs./sq. in.) was an 
over a cutaneous area on the fingertip, arm, Or leg. The air-column was presente 


i the 
* Received for publication January 19, 1960. This research was supported by the 
National Science Foundation, Eapedineat I was performed under Grant ae stort 
Experiment II, under Grant NSF-G4423. Acknowledgment is made to, ex ds 
Cohen and Moira Fitzpatrick LaMay for their assistance in collecting and ana ae 
= Ei and to Professor Walter L. Baker, for providing the special instrumen 
used in the study. ‘el 

1J. F. Corso, The neural quantum theory of sensory discrimination, Psychol. Bull, 
53, 1956, 371-393. 

* Idem, 392. inusformiget 
i nk von Békésy, Ueber die ra be nd ha Jangsamer sinus! 

uftdruckschwankungen, Ann. d. Physik., 26, 1936, 594-200, 

‘O. E. DeCillis, ‘Absolute threshold for the perception of tactual movement, Arch. 
Psychol, 294, 1944, 1-52. 
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at a point on the skin for 0.10 sec., traveled across the skin for a given distance at 
a rate of 143 mm./sec., and then remained stationary for at least 0.10 sec. Within 
the limitations indicated by Corso, the frequency of positive responses for a limited 
number of cases was found to be a linear function of the amplitude of stimulus- 
movement! For these functions, however, the second prediction of the quantum 
theory did not hold, że. there was not an integral relation between the smallest 
stimulus-value at which 100% response occurred and the largest stimulus-value at 
which no response occurred. It was concluded that “apparently the integral rela- 
tion is not to be expected in studies of absolute sensitivity.’ 

Except for these two studies, the theory of the neural quantum of sensory dis- 
crimination has not been approached from a consideration of absolute thresholds. 
It would appear, however, that if the concepts embodied in the theory are valid, 
evidence for or against the theory should be obtainable from either absolute or dif- 
ferential thresholds. 


Since the results of earlier studies dealing with differential sensitivity 
have not resolved the issues inherent in the quantal and phi-gamma hy- 
potheses, the development of an alternative approach is presented in an 
attempt to establish more definitive findings. 


EXPERIMENT I 


The present study was designed to replicate and to extend the initial 
work of Békésy who reported that the cuve of audibility for pure tones of 
low frequency revealed a quantal process. Several Os, rather than one, were 
used and threshold-measurements were made for 5~ to approximately 
200~ to determine whether the upper limit at which the ‘quantal steps’ 
could no longer be detected extended beyond the original estimate of 50~- 
It was thought that the method used in establishing the audibility-curve 


eee ‘steps’ beyond 50~ to the upper frequency-limit to be tested, 
Le, ~~, 


Procedure. (1) Observers. The Os, 15 in number (5 men and 10 women), were 
obtained from an undergraduate course in educational psychology. They ranged in 
age from 19 to 22 yr., with the exception of one man who was 27 yr. old. All the 
Os had normal hearing.’ To maintain a high level of motivation throughout the 
experiment, the Os were paid for participation in the study. 

(2) Apparatus. The apparatus used in certain preliminary practice-periods and in 


* Corso, op. cit, 387. 
ro Op. cit bee 
udiograms obtained from the Os showed that non i d 
t k eet ed t sta dards 
set by the American Medical Association by more than 3 db. a cag tie between 
250 and 2000~. For the reference-curve, see Anon., Minimum requirements fot 
acceptable pure-tone audiometers for diagnostic purposes, J. Amer. Med. Assoc., 146, 
1951, 255-257. Otological examinations were also made on all the Os by Drs. H. R. 
Glenn and E. S. Krug of the University Health Service, to whom acknowledgment is 
PESAD for ma ee With ee eration of one O who showed some evi- 
lence of injection of both tympanic membranes and the mi eous 
deposits, there were no other observable defects, —— Oo 
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the absolute-threshold determinations consisted of four major units: (1) a low- 
frequency oscillator—Hewlett-Packard, Model 200 DC; (2) a decade-attenuator— 
General Radio, Type 1450-TB; (3) a power-amplifier; and (4) a specially-designed 
receiver. The receiver was coupled to the O's ear by means of a small brass tube 
which was sealed in the external auditory meatus with a mixture of plastic modeling 
clay and vaseline. 

The frequency-response, harmonic distortion, and sound-pressure output of the 
low-frequency system were determined through calibration measurements with the 
output of the receiver directed into a National Bureau of Standards (NBS) 
Coupler 9-A.* A detailed description of the system and its technical characteristics 
may be found in an earlier publication.” 

(3) Preliminary practice. In preparation for the main testing session, each O was 
given a preliminary series of practice-tests. Six tests were used, (1) The Seashore 
pitch-tests (Forms A and B) were presented by means of a Grason-Stadler speech 
audiometer, Model 1160-A. (2) An audiometric test was given on both right and 
left ears by means of a Beltone audiometer, Model 10-A, modified for Permoflux 
PDR-8 earphones. In this test, the method of limits was used with the stimulus- 
intensity varied in 2-db. steps, three tonal pulses at each step. (3) The right ear 
only was tested by means of Békésy-type audiometer, Grason-Stadler, Model E-254. 
In this test, the frequency range from 250 to 8000~ was presented in both an 
ascending and descending order with an attenuation rate of 0.7 db. per sec. and a 
total testing-time of 11 min. for each order. (4) A re-test was given on the Beltone 
audiometer for the right ear only. (5) Threshold-measurements were made on the 
right ear only at 5, 25, 50, 75, 100, 125, 150, 175, and 200~ by means of the low- 
frequency system. The method of limits was used with a 5-db. step between suc- 
cessive stimulus-intensities, one pulse per step. (6) Threshold-measurements were 
made as in (5) with the exception that a 2-db. step was used, three pulses Pet 
step. Each of these pre-tests was administered on a different day; the total practice- 
time was approximately 6 hr. i 

(4) Test-session. After each O had completed the preliminary practice, measure- 
ments were made of minimal audible-pressures (for the right ear only) ig ace 
200~ in both ascending and descending orders. In the ascending order, the signal was 
introduced at 5~ at an intensity-level well above threshol .° E then decreased the 
intensity in 1-db. step (with O making a judgment at each setting) until O failed 
to respond; at this intensity-level, E slowly and continuously increased the frequency 
by means of an automatic drive-mechanism which turned the shaft of the frequency- 
dial on the Hewlett-Packard oscillator at a rate of 0.75 p.m. When o pressed the 
tesponse-button indicating that he heard the tone, the drive-mechanism was 1m- 
mediately stopped. At this frequency, the intensity was once Again decreased ne 
wise until O failed to respond; thereupon the frequency was peun increased uan 
an auditory response was obtained. This procedure was continued until the test- 
frequency reached 200~. 


Inc., American Standard Method for the Coupler 
71, 1958, 


cafhinerican Standards Association, 

ration of Earphones, 1949. ; 

Deer Absolute thresholds for tones of low frequency, this JOURNAL, 
” The testing procedure described for the ascendin| sequence followed as rit 

possible that reported by Békésy (op. cit, 558). In study, however, there was no 


descending sequence of frequencies. 
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In the descending sequence, the signal was introduced at 200~ at the last 
audible intensity-level reached in the ascending sequence. At this level, the signal 
was automatically decreased in frequency until O failed to hear the tone; at this 
frequency, E increased the intensity-level to the next to the last intensity-setting 
obtained in the ascending sequence. As this elicited a response, the frequency was 
once again continuously decreased until O failed to hear the tone. This procedure 
was systematically repeated until the frequency reached 5~. 

All measurements for both testing sequences were completed in a 1-hr, session 
for each O, with a short rest-period between successive sequences. These measure- 
ments, as well as those in preliminary practice, were made in an anechoic chamber 
provided with a two-way voice-communication system and a closed-circuit television 
system for visual monitoring of O's activities during the experimental sessions.” 

(5) Treatment of data. The experimental values obtained for each O were 
graphically plotted with frequency and intensity arbitrarily assigned to the abscissa 
and ordinate, respectively. Since the ascending and descending curves were supef- 
imposed, this provided a total of 15 sets of curves, one set for each O. The thresh- 
old-curves were then analyzed to determine: (1) whether the obtained, ascending 
curves approximated the ‘quantal’ threshold-curve of Békésy,” and (2) whether the 
ascending and descending curves for each O showed similarities with respect to the 
location of the ‘steps’ in frequency. 

To determine the maximal extent of agreement between the data of the present 
study and those of Békésy, product-moment cortelation-coefficients (r) were com- 
puted between the values of Békésy's curve and those from the corresponding pOf- 
tion of the ascending curve for each O. Each correlation coefficient was based upon 
the frequency-location of the ‘quantal steps’ obtained by Békésy (że. 4.5, 6, 7-5, 9 
11, 14, 18, 22, 28, 32, and 38~) and the closest corresponding frequency in the 
ascending curve for each O. Values in either curve for which no corresponding 


‘steps’ could be determined were omitted in the computation of the correlation- 
coefficients. 


Results. The cortelation-coefficients obtained for the 15 Os are presented 

in Table I. Notice that the values range from 0.983 to 0.999. Thus, most 
cases show excellent agreement with Békésy’s data, considering only the 
frequency-location of the ‘steps’ and not their intensive magnitudes. 
i A segment of the ascending curve for O No. 6, with Békésy’s curve supet- 
imposed, is shown in Fig. 1.1% Note the close agreement in both the 
frequency-location of the ‘quantal steps’ and their relative magnitudes. For 
ease of comparison, Békésy's curve was shifted downward by 12 db, to 
account for the difference in the auditory sensitivity of the two Os." 


ea See Ee T a O O u aMŘŮ— 


u 
“3 we eter and E. Ackerman, The Penn-State anechoic chamber, Noise Control, 


® Békésy, op. cit, 558. 
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As can be seen in Table I, other curves yielded higher correlation-coefficients than 


that of O No. 6; however, this curve was selected since i 
; 5 sinc atest 
number of experimental points (N = 11). ee en eee 
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The entire form of the function from 5 to 200~ obtained for a typical 
O under the ascending and descending conditions of the present study is 
shown in Fig. 2. The data are for O No. 10. The solid line in Fig. 2 shows 
the function for the ascending condition; the broken line, for the descending 
condition. As hypothesized, discontinuities in the curves can be observed 
throughout the frequency-range tested. Similar discontinuities were found 
for all other Os. 

To evaluate the reliability of measuring the location in frequency of the 
discontinuities in the ascending and descending threshold-curves, a second 
set of correlation-coefficients was computed, For each O, the frequency- 


TABLE 1 


Propuct-MoMENT CORRELATION-COEFFICIENTS COMPUTED, BETWEEN THE 
FREQUENCY-LOCATION OF THE DISCONTINUITIES IN BÉKÉSY’S THRESHOLD- 
CURVE AND THOSE OBTAINED IN THE PRESENT STUDY 


D y r (a) N r 0 N r 
1 7 .999 6 11 .991 11 10 .994 
2 8 .997 7 6 .997 12 10 .996 
3 10 .997 8 10 .984 13 10 .998 
4 8 .983 9 3 .994 14 6 .997 
5 6 .999 10 10 .997 15 8 .998 


* Since there were only 11 discontinuities or ‘steps’ in frequency in Békésy’s thresh- 
Ee from 4.5 to 38~, the maximal V possible for the computation of r was lin 
case. > 


locations of the ‘steps’ in each experimental curve were paired on the basis 
of the sound-pressure levels at which the ascending and descending aig 
minations were made, The product-moment correlation-coefficients com- 
puted for these paired frequency-values for each O are presented in 
Table IT. All correlation-values are exceedingly high, ranging from fl 
to 0.998. It appears, therefore, that there is considerable agreement in the 
location of the ‘steps’ in frequency as determined from the ascending and 
descending conditions of the present study. 


Discussion. The results of this study as presented in Table I indicate 
that in general the ascending experimental curves are in close agreement 


With the form of the audibility-function obtained by Békésy under similar 
however, exists. As indicated in 


Fig. 2, the experimental curves of the present study show discontinuities 


up to 200~, as contrasted to those of the earlier stud! 
discontinuities disappeared at about 50~. Since the cu 


* Op. cit., 558. 
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sistently showed this effect, the question arises as to whether these ‘steps’ 
are really indications of quantal processes, as previously suggested, or 
merely artifacts introduced by the experimental methodology. 

A careful reconsideration of the methodology indicates three critical 
features: (1) O was presented at each stimulus-magnitude, ż.e. a particular 
combination of frequency and sound-pressure level, with only ove tone- 
pulse to which he responded in a ‘yes’ or ‘no’ manner. Following this, an- 
other stimulus-magnitude was presented. This technique assumes com- 
plete reliability of O's response; furthermore, it forces the response into 
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FIG. 1. COMPARISON OF A SEGMENT OF THE ASCENDING EXPERIMENTAL 
__ FUNCTION FoR O No. 6 
(To equate for differences in sensitivity, Békésy's function has been 
displaced downward by 12 db.) 


discrete all-or-none categories. (2) When, at a given ehy, the sound- © 
pressure of, the stimulus reached’ a value below threshold, E thereupon 
increased the frequency (holding sound-pressure constant) until the tone 
became audible. This procedure, regardless of the character of the under- 
lying neural or quantal processes, must necessarily produce ‘steps’ in the 
threshold-curve provided two or more presentations of the (intensive 
stimulus are made at a given frequency. (3) The experimental points 
which determine the form of the ‘audibility’-curve do not all have the 
same significance. Some points represent audible stimulus-values; others, 
non-audible values. Thus, a single function cannot meaningfully be plotted 
connecting all experimental points, as has been done in Figs. 1 and 2. 
A solution to these difficulties is suggested in Fig. 3, where a portion of 
an ‘audibility’-curve, based upon single judgments at each experimental 
point, is shown by the steplike function connecting a set of hypothetical 
values. The values of the steplike function, indicated by the dots, represent 
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Fic, 2. COMPARISON OF EXPERIMENTAL FUNCTIONS OBTAINED UNDER ASCENDING 
AND DESCENDING CONDITIONS OF FREQUENCY-CHANGE 
(Data are for O No. 10) 


combinations of frequency and sound-pressure which are audible, whereas 
the open circles represent inaudible conditions. A more appropriate audi- 
bility-function can be obtained by connecting all experimental points repre- 
senting the same probability of response, e.g. connecting all open circles 
or all points where a given sound-pressure is first reported as audible as 
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frequency is increased. The two curves which represent these conditions 
are shown as broken lines in Fig. 3 and are used to bound the inaudible 
and audible areas, respectively. 

This latter set of curves, however, while overcoming some of the 
methodological limitations, is still subject to the criticism that each curve 
is based upon a single judgment at each experimental point. Thus, some 
psychophysical method should be used to generate more judgments at each 
stimulus-magnitude to take into account the variability of O’s judgments. 
If this were done, each vertical and each horizgntal segment of the ‘steps’ 
shown in Fig. 3 would correspond to a psychometric function. In Fig. 3, a 
solid line has been drawn connecting a series of squares representing the 
assumed 50%-points for this series of (quantal or phi-gamma) psycho- 
metric functions. Notice that in this case, although the ‘steps’ are unequal 


TABLE II 


Propuct-MoMENT CORRELATIONS COMPUTED BETWEEN THE FREQUENCY- 
Locations OF THE DISCONTINUITIES IN ASCENDING AND DESCENDING 
EXPERIMENTAL CURVES 


0 N* r o N* r o N* r 

1 A, 6 16 .993 11 17 -998 
2 16.996 7 15 .977 12 17 .993 
3 21 .997 8 19 .997 13 15 -995 
4 15,996 9 10 -989 14 10 .989 
5 135-071 10 17 .997 15 16 -996 


* N represents the number of paired frequency-values. 


in both frequency and intensive magnitude, the discontinuities have dis- 
appeared and that a conventional audibility-function has been derived. 
Thus, from these considerations, it appears that the ‘quantal steps’ previ- 
ously obtained in the auditory threshold-function and reproduced in the 
present study can be attributed to experimental methodology, rather than 
to underlying neurological or psychological processes. 

The results shown in Table II, which are inherently subject to the same 
criticisms made for the data summarized in Table I, do nevertheless 
indicate that the experimental procedures produce reliable results. At a 
given sound-pressure level, the same frequency is ‘barely audible,’ whether 
the threshold is approached from a lower frequency in an ascending direction 
or from a higher frequency in a descending direction. A review of the 15 
sets of threshold-curves (one set for each O) shows that the discrepancies 
in the frequency-location of the ‘quantal steps’ can be accounted for in 
terms of errors of habituation, In nearly every instance, the frequency- 
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location of the ‘steps’ was lower in the descending sequence than in the 
ascending sequence. This is typical of the type of error one expects to 
find when using the method of limits in measuring absolute thresholds and 
tends to support the notion that the ‘quantal steps’ are artifacts generated 
by the experimental procedure. 


EXPERIMENT II 


Experiment II was performed to permit a reévaluation of the quantal 
hypothesis as applied to the absolute threshold of audibility, taking into 
account the methodological limitations suggested in Experiment I. Specifi- 
cally, Experiment II was designed to determine the tenability of the neural 
quantum theory of sensory discrimination under conditions in which audi- 
bility-functions were established ‘with repeated response-measures at each 
stimulus-value, Furthermore, a more exacting statistical analysis of the data 
was performed to compare the goodness of fit of a linear function to values 
independently predicted from the quantal hypothesis and the phi-gamma 
hypothesis. 


Procedure: (1) Observers. The Os of this study were 10 volunteers (5 ne E 
5 women) from an undergraduate course in educational psychology. Their ages 
ranged from 19 to 23 yr. inclusive. All the Os were screened for normal hearing 
and otological disorders as indicated in Experiment 1. Also, eRe: pias rs 
same rate for participating in the experiment. No O used in Rape De] 
cluded in Experiment II. ; and 

(2) Preliminary practice. The low-frequency system, calibration-procedures 
testing-chamber were the same as in Experiment I. In Experiment ite ean i 
preliminary practice-period was modified to provide more opportunity for ee 
to low-frequency signals. The practice-tests which required about Dae ce 
Tests (b), (d), (e), and (f) of Experiment I and, in addition, @ preliminary 
quantal test. The preliminary test was intended to estab 


lish for each O the size of 
the intensity-decrements and frequency-increments which would be used to obtain 


t Y 7 4 i tarti! 
psychometric functions in the final test-period. This was age lees fs 


at 5~ with an intensity-setting which yielded approximatel : 
25 slimalus-presennition aim then reducing this setting in discrete steps until 0% 
response was obtained. Likewise, at the intensity-setting at which 0% response ye 
obtained, frequency was discretely increased in small steps until ote paige 
was obtained. This procedure was replicated at 10, 15, 20, 25, an 30~. nae 
basis of these data, an average value was obtained for each O for the ee a 
change which corresponded to a decrement ini comei response from 10 My ake 
and an average frequency-change Was obtained which yielded an increm\ fae on 
0 to 100% correct responses. From these average values, estimates ban P Eai 
step-magnitudes of intensity-change and frequency-change which shou baad 
for each O in the final test-period such that each psychometric function ee 
based upon at least three values of the physical stimulus, omitting the 07% an + 


Points of response. 
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(3) Quantal test-session. In the quantal test-sessions, the same general procedure 
was followed as described in Experiment I, with three major differences. (1) All 
tests were started at 5~ and terminated after O had reached a frequency of about 
25~. This upper limit was adopted because collecting data up to this point usually 
required at least 1-hr. of testing-time, beyond which O became increasingly fa- 
tigued. (2) Only the ascending sequence of frequency-presentation was used. (3) 
At each experimental setting of frequency and intensity, a series of 25 pulses was 
presented. O responded to each audible signal by depressing a mercury switch 
which activated a Veeder-Root counter at E's position. The number of auditory 
stimuli in a series was controlled by an arrangement of Hunter decade, interval- 
timers, Model 111-A, which were also used to maintain the stimulus-duration at 
0.5 sec, with 2.5-sec. interval between successive stimuli. To minimize the pos- 
sibility of extraneous signals entering the receiver and providing the O with 
irrelevant cues, the sinusoidal signal from the low-frequency system was passed 
through a narrow-band filter, Krohn-Hite model 330-M, preset at each test-frequency 
to yield minimal transient effects. 

(4) Treatment of data. The data of the present study were treated in a four-step 
sequence: (1) For each O, the best-fitting linear and ogival psychometric functions 
were determined by the method of least-squares for all intensity- and frequency- 
conditions.” All functions were based on 3 to 17 empirical points, with judgments 
of 0 to 100% omitted. No weights were used in determining the curves of best fit. 
The effect of this step in the analysis of data was to transform the steplike ‘thres- 
hold’-curve for each O into a series of psychometric functions in which intensity and 
frequency alternated as the independent variable. 

, (2) From the equations of the fitted functions, the predicted stimulus-values in 
intensity and in frequency corresponding to the 90% response-points were then 
computed. This yielded in each case a different prediction by the quantal hypothesis 
and the phi-gamma hypothesis. It should be pointed out that 90% of response repre- 
sents approximately the point of maximal discrepancy between the two theoretical 
psychometric functions; the stimulus-values corresponding to the 50% response- 
points are the same for the two functions. By referring to Fig. 3, it can be seen that 
this procedure had the effect of shifting the squares in the figure in two ways: (a) 
ee a etd to a 90% criterion of response for all segments of the step-like func- 
ion; an (b) in an amount corresponding to the predictions made by the quantal 
and phi-gamma hypotheses, 

‘ (3) The next step in the analysis was to derive for each O a set of best-fitting 
absolute threshold -curves (sound-pressure level as a function of frequency) based 
upon the predicted stimulus-values corresponding to the 90% 
Since there were two independent variables under study (frequ 
and for each of these the ‘true’ psychometric functi cola i i 

: : ion could be either linear or 
ogival, it was possible to obtain four different ‘threshold’-curves for each O. These 
represented curves based upon the theoretical predictions in which (a) both fre- 
quency- and intensity-functions were assumed to be linear; 
intensity-functions were assumed to be ogival; (c) the frequency-function was as- 

sumed to be linear and the intensity-function, ogival; and (d) the frequency-function 
was assumed to be ogival and the intensity-function linear. 


of response-points. 
ency and intensity) 


(b) both frequency- and 


* J. P. Guilford, Psychometric Methods, 1954, 63-66, 125-129. 
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For each of these four conditions for each O, the ‘threshold’-curve of best fit 
was obtained by the method of least-squares for the predicted stimulus-values at the 
90% response-points. Each curve was based upon four to nine predicted values. It 
was assumed that sound-pressure level at the 90% threshold was a linear function 
of the logarithm of frequency. This assumption appeared reasonable since only a 
very limited portion, i.e. about 25~ of the audibility function was tested in this 
experiment. Furthermore, previous research at low frequencies has indicated the 
existence of such a relationship.” 

(4) The goodness of fit of each of the four ‘threshold’-functions for each O was 
expressed by the index of correlation, py s<2)" These indices for all Os were con- 


TABLE II 


INDEX OF CORRELATION FOR THE BEST-FITTING FUNCTION (90% AvprBILITy) 
OBTAINED UNDER EacH OF FOUR THEORETICAL CONDITIONS 


Combination of hypotheses 
Frequency: quantal vs. phi-gamma vs. quantal vs. phi-gamma vs. 

(0 Intensity: quantal phi-gamma phi-gamma quantal 
1 —0.946 —0.971 —0.954 —0.963 
2 —0.963 —0.972 —0.968 —0.967 
3 —0.985 —0.989 0.984 —0.986 
4 —0.891 —0.908 —0.912 —0.884 
5 —0.968 —0.976 —0.977 —0.966 
6 —0.950 —0.946 —0.947 —0.949 
7 —0.994 —0.982 —0.985 —0.959 
8 —0.961 —0.977 —0.962 —0.976 
9 —0.879 —0.875 0.885 0.869 
10 0.949 —0.832 —0.841 —0.945 

Mean* —0.961 —0.960 —0.956 —0.957 


* Computed from z-transformations of the tabled py cy-values and reconverted inte 
the mean-values shown. 


verted into z-measures computed from logarithmic transformations and ot raa 
in a conventional analysis of variance (treatments-by-subjects design).” Tests © 
significance were performed to determine whether the goodness of fit of the ‘90% 
threshold’-curve was affected by the four different theoretical conditions. 


Results, Table III presents the index of correlation obtained for each of 
the 10 Os under each of the four theoretical conditions. These values 
range from —0.832 to —0.994; but the mean values for the four condi- 
tions range only from —0.956 to —0.961. Thus, there appears to be rela- 
tively little difference in the goodness of fit produced by the four theo- 
retical conditions. 


u 

Corso, op. cit., this JOURNAL, 71, 1958, 372. 

*Don Lewis, Quantitative Methods in Psychology, 1948, 81-82. , 1951, 164-166; 
W, J. Dixon and F. J. Massey, Introduction to Statistical Anal 3 ; FS early 
E. F. Lindquist, Design and Analysis of Experiments im Psychology am g 
1953, 156-167. 
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Table IV presents a summary of the analysis of variance performed on 
the z-transformed measures of goodness of fit. Although there are sig- 
nificant differences among Os, the F-ratio (0.270 with 27 and 3 df.) for 
evaluating the differences among theoretical conditions is not statistically 
significant. The results of this analysis indicate that there is no difference 
in the quantal and phi-gamma hypotheses with respect to the prediction 
of the 90% audibility function; hence, both hypotheses are equally ac- 
ceptable. 


Discussion. The theory of the neural quantum and the classical phi- 
gamma hypothesis represent theoretical attempts to account for sensory dis- 
ctiminatory behavior. As previously indicated, most studies on the quan- 
tum theory have involved data obtained in differential threshold-measure- 
ments. For the most part, the previous studies have attempted to evaluate 
the quantal hypothesis on the basis of two criteria applied to a single 
psychometric function: (1) a linear relationship between the percentage 


TABLE IV 


SUMMARY OF ANALYSIS OF VARIANCE OF z~TRANSFORMED MEASURES OF 
NESS OF FIT (INDEX OF CORRELATION) 


Source of variation Sum of squares df. F-ratio 
Hypotheses (H) 0.031 3 0,270 
Observers (0) 5.365 9 16.108" 
HXO 1.001 27 
Total 6.397 39 

* p>0.01. 


of stimulus-increments heard and the magnitude of the increments pre- 
sented; and (2) a two-to-one ratio between the stimulus-values of the 
psychometric function at the 100% and 0% points of response. 

In the present study, the evaluation of the quantal and phi-gamma hy- 
potheses was based upon the index of correlation for the 90% audibility- 
curve best-fitted to a set of values predicted from several psychometric 
functions for a given O. In this evaluation, repeated measures (judg- 
ments) were obtained at each value of the stimulus. Thus, Experiment II 
avoided the methodological limitations pointed out in Experiment I. It 
also avoided the weaknesses of some earlier quantal studies in which the 
chi-square test was applied to differences between obtained and predicted 
values for single psychometric functions,2° Despite a more rigorous ap- 


me 5 
ALAS summary of this problem, see Corso, op. cit., Psychol. Bull., 53, 1956, 
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proach, the data of the present study have failed to yield unilateral support 
for either the quantal or phi-gamma hypothesis. As in most previous 
studies, both hypotheses remain tenable. It appears, therefore, that al- 
though two distinct theories of sensory discrimination have been formu- 
lated, appropriate experimental techniques have yet to be devised for the 
differential evaluation of the specific hypotheses under consideration. 


SUMMARY 


The present study consisted of two experiments designed to investigate 
the neural quantum theory of sensory discrimination through a considera- 
tion of the audibility-curve for tones of low frequency. 

In Experiment 1, the general method was to determine the threshold of 
hearing in a continuous manner from 5 to 200~. For an ascending direc- 
tion of frequency-change starting at 5~, a testing-procedure was used in 
which, alternately, frequency was increased and intensity decreased. For 
the descending direction starting at 200~, frequency was decreased and, 
alternately, intensity was increased, Fifteen selected Os were tested, each 
of whom showed: (a) negative findings upon otological examination and 
(b) no hearing loss greater than 5 db. in the range from 250~ to 2000~ 
as measured by a standard audiometric test. pris 

After the Os were given 6 hr. of training on various tests, audibility- 
functions were obtained for right ears only from 5 to 200~. Stimulus- 
intensities were expressed in db. SPL re 0.0002 dyne/sq. cm. as measured 
in a National Bureau of Standards Coupler 9-A. In the analysis of data, 
product-moment correlation-coefficients were computed: (a) between the 
frequency-location of the ‘steps’ in the ascending audibility function for 
each O and the ‘steps’ obtained by an earlier investigator; and (b) be- 
tween the frequency location of the ‘steps’ in the ascending and descend- 
ing functions for each O. In both analyses, all obtained correlational values 
were above 0.97. 

The interpretation of results suggested that 
function, rather than representing neural or specie 
accounted for in terms of the experimental methodology. The high a 
correlational values in the ascending and descending trials were interprete 
as an indication of the reliability of judgments obtained under the ane 
conditions of the present study. It was concluded that ‘steps’ 1 an a A 
bility-function derived from the procedures used in this ape 
not in themselves provide support for the neural quantum theory © sen- 
Sory discrimination. 


the ‘steps’ in the audibility- 
quantal processes, could be 
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In Experiment II, the general procedure followed that indicated for Ex- 
periment I, with three exceptions: (1) the absolute threshold was deter- 
mined from only 5 to about 25~ for each O; (2) only the ascending 
direction of frequency-change was used; and (3) a series of 25 presenta- 
tions, rather than a single presentation, was made at each experimental 
value of the stimulus. Ten Os, all of whom met the same screening cri- 
teria as in Experiment I, served in Experiment II. After the Os were given 
about 5 hr. of training in a series of tests which included some of those 
administered in Experiment I, audibility-functions were obtained for right 
ears only from 5 to about 25~. 

In the analysis of data, these audibility-functions were divided into seg- 
ments to which rectilinear (quantal) and ogival (phi-gamma) psycho- 
metric functions for frequency and intensity were fitted by the method of 
least squares. The ‘90% response-points’ predicted by these derived func- 
tions were in turn fitted by a linear function under four different theoreti- 
cal conditions: (1) linear psychometric functions for frequency and in- 
tensity; (2) ogival psychometric functions for frequency and intensity; 
(3) linear psychometric functions for frequency, and ogival for intensity; 
and (4) ogival psychometric functions for frequency and linear for in- 
tensity. 

The goodness of fit of each of the four linear functions derived from 
the data of each O was expressed by the index of correlation. An analysis 
of variance on the z-transformed correlational indexes showed no signifi- 
cant differences among theoretical conditions, Thus, the results of Experi- 
ment II indicate that both the quantal and phi-gamma hypotheses are 
equally acceptable in predicting the 90% audibility function for pure 
tones. It appears that although the phi-gamma hypothesis and the neural 


quantum theory of sensory discrimination postulate fundamental differ- 


ences in discriminatory processes, adequate experimental techniques have 
not yet been devised which will 


yield data in support of one theory to the 
exclusion of the other. 


MULTIPLE-CHOICE DECISION-BEHAVIOR 
WITH DUMMY CHOICES 


By R. ALLEN GARDNER, Wellesley College 


The consequences of a choice are commonly determined by critical events 
that follow the choice, and, more often than not, these critical events are 
to some degree uncertain at the time of choice. The present study was 
concerned with choices of this kind as they are made in a laboratory by a 
method generally attributed to Humphreys.* 


In this task, the subject (S) attempts to anticipate a series of events. Each mem- 
ber of the series belongs to one of a set of categories, A, B, C,.... N, and the cate- 
gories are represented by suitable stimulus-objects which correspond to the set of 
responses that are available to S. If the series is unpredictable, then correct antici- 
pations, or hits, will occur only by chance agreement between responses and events. 
If the relative frequencies of the categories, n(A), 1(B), 1(C), - + + a(N), are 
unequal, however, $ can improve his performance up to a maximum by choosing the 
most frequent category on every trial. 

The extent to which a series of choices will approach the optimal strategy is only 
partly dependent upon 2(A), the relative frequency of the most frequent category. 
For example, the number of categories has been varied with x(A) held constant.” 
Under these conditions, P(A), the rate of choice of the most frequent category, A, 
increased with the number of alternatives, B, C, . - » N, after a sufficient number 
of trials? The procedure employed in these multiple-choice experiments required 
that one event occur on each trial, and that all of the categories available as choices 
be represented in the program of events. Thus, as the number of categories was in- 
creased, holding x(A) constant, the average frequency of the minor categories de- 
creased to meet the requirement x(A) + %(B) + a(C) +--+ +x(N) = 1.0. Conse- 
quently, the results cannot be interpreted simply in terms bE the uncrease a the 
number of choices made available to S. At least two other interpretations are 


* Received for publication February 11, 1960. This research was carried out at the 
US Army Medical Reseihel Laboratory, Fort Knox, Kentucky, as a subtask alee 
No. 6-95-20-001. The author wishes to acknowledge the technical assistance of John 
peste, Richard Kling, and Karl Verhoye as well as the advice and encouragement 
of Dr. George S. Harker. ; i i 
TLG. Humphreys, Acquisition and extinction of verbal expectations in a situa- 
tion analogous to conditioning, J. exp. Psychol, 25, 1939, 294-301. a NAL. 

*R. A. Gardner, Probability-learning with two and three choices, this Jour a 
70, 1957, 174-185; Multiple-choice decision-behavior, this, JOURNAL, 71, 19 : 
710-717; J. W. Cotton and Allan Rechtschaffen, Replication report: are aa 
three-choice verbal conditioning phenomena, J. exp. Psychol., 56, Snak t bel, A 

? With too few trials the effect does not always appear. %4. an n S. 97-104; 
test of a model for multiple-choice behavior, J. exp. Psychol; © ee native 

D. Neimark, Effects of type of nonreinforcement and number of alter 
responses in two verbal conditioning situations, ibid., 52, 1956, 209-220. 
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possible. First, the rate of choice, P(A), may depend not on the ratio of hits to 
misses obtained by choosing cateory A, but on this ratio relative to the average ratio 
of hits to misses obtained by choosing an alternative category. In this case, the 
multiple-choice procedure that was employed may have served merely to alter this 
relationship by lowering the ratio of hits or raising the ratio of misses that could be 
obtained by a choice of any one of the non-A categories. Secondly, a process of per- 
ceptual contrast may be operating in the programs, causing S to overestimate x(A). 
That is, x(A) may be perceived as more frequent in the context of a program 
containing more and more minor categories of lower and lower frequency.‘ 


In the previous experiments, the multiple-choice effects need not have 
been a function of the increase in the number of choices in and of itself 
but rather they may have been a function of other variables confounded 
in the procedure used to increase the number of choices. With a modified 
procedure, the present study aimed at reproducing these multiple-choice 
effects in such a way that they could only be attributed to the number of 
choices. In the modified procedure, both the number and the relative fre- 
quencies of the categories in the program were held constant, while addi- 
tional categories of choice were made available to $. These additional cate- 
gories were introduced merely by adding to the number of response 
switches that S could operate. They will be referred to as ‘dummy choices’ 
since they never appeared in the program of events and no hits could be 
obtained by choosing them. 

The objective of this study may be stated as follows. Hypothesis 1: Af- 
ter a sufficient number of trials, P(A), the rate of choice of A, the most 
frequently presented category, varies directly with the number of cate- 
gories of choice available to S, even when the number of categories of 
events presented in the program is held constant, That is, for a given pro- 
gram of critical events, P(A) will be a direct function of the number of 
dummy choices. In addition, the data that were obtained are relevant to 
the hypothesis of asymptotic matching which may be stated in two parts 
as follows. 

Hypothesis 2 a: P(A) approaches an asymptote which is less than 1.0. 

Hypothesis 2 b: The asymptote of P(A) is determined by z(4) in such 
a way that P(A) < 7(A). 


METHOD AND PROCEDURE 
Subjects and apparatus. The Ss were 384 young men engaged in basic infantry 
training at the U.S. Army Training Center, Armor, Fort Knox, Kentucky. No S served 
in more than one condition. They were seated at individual response-panels in squads 
of 12. Each condition was administered to two squads of 12, hence the total N 


*L. M. Schipper, Prediction of critical events in context i s of 
alternative events, J. exp. Psychol., 52, 1956, 377-380. iss Of different numbers 
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Fic. 1. EXPERIMENTAL ROOM AND APPARATUS 


al sessions the only lighting in the room 
toward the ceiling; one between Sta- 
ns 6 and 12. The dim illumination, 
t of the room effectively prevented 
lose-up of an S's response-cabinet. 


(4) ad ib w. During experiment 
tions’ 1 an led’ by two floor lamps directed, 
Wétion: of th 7 and the other between Statio! 
iké se E he response-cabinets, and the layou 

Ss from observing others’ choices. (B) C 
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serving in each condition was 24. The apparatus, shown in Fig. 1, A and B, is 
described in an earlier study* 

Procedure. The events consisted of block letters of the alphabet projected one at a 
time on the front wall of the experimental room. The Ss were instructed to predict 
on every trial the next letter that would be projected on the screen. They were 
urged to make as many correct predictions as possible and also to make their pre- 
dictions as rapidly as possible. On each response-panel appeared the letters that 
were available as categories of choice. Under each letter on the panels there was a 
standard Y-in. telephone jack and each panel was provided with a single plug. A 
trial began with the darkening of the projection screen which was the signal for 
each $ to make his next choice by inserting his plug into the jack under the letter 
chosen. A trial ended with the projection of the letter on the screen, which was the 
signal for all plugs to be withdrawn in preparation for the next trial. The single 


TABLE I 
DESIGN OF THE EXPERIMENT 


Program variables 


No. choices available 


Block No. of — 
cate- (A) Stimulus- 2 3 4 5 7 8 
gories letters 
I 2 W ES r S < x x 
Ir 2 60 T,H > ae, X x 
I 3 0 LSD x x x X 
IV 3 -60 T,H,N RR X x 


plug prevented $ from making more than one choice per trial. A uniform pace of 
4-sec. per trial was maintained for all but the earliest trials. 

Design. The 16 conditions of the experiment were divided into four Blocks of 
four conditions each according to the scheme shown in Table I, Within each 
Block the program of events that was presented was identical for all four con- 
ditions. For one condition in each Block the available choices matched the cate- 
gories of events in the program, while for the remaining three conditions the 
available choices consisted of the categories in the program plus additional cate- 
gories that were never presented, i.e. the dummy choices. In Block I and Block III, 
x(A) was 0.70, and in Block II and Block IV, x(A) was 0.60. Only two cate- 
gories of events were presented in the Programs of Block I and Block II, and dummy 
choices were added in such a way that the total number of choices for each condi- 
tion would correspond to the values of this variable that were used in a previous 
experiment There were three categories in the programs of Block III and Block IV, 
which were run three months later, and dummy choices were added to parallel the 
previous work within the restrictions of the over-all design. In effect every Block 
was a self-contained experiment designed to provide a direct comparison between the 
dummy-choice procedures of this study and the multiple-choice procedures of the 
previous study. To accomplish this within certain practical limitations, it was neces- 


sary to sacrifice the possibility of direct cross-comparisons between the Blocks of 
the present study. 


ë Gardner, op. cit., 1958, 710. 
° Gardner, op. cit., 1958, 711. 
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Spatial counterbalancing. The letters that represented the categories of choices are 
shown in Table II. This table also indicates the scheme by which the spatial arrange- 
ment of the letters on the response-panels was partially counterbalanced, Spatial ar- 
rangement of the letters appearing in the three center positions was completely coun- 
terbalanced. That is, each of the six possible arrangements was used for an equal 
number of Ss. For conditions requiring Positions 4 to 9, the additional letters were 
arranged as shown in Table II for half of the Ss while the mirror images of these 
arrangements were used for the other half. 

Program. A table of random numbers was used to construct the programs. There 
were four programs, one for each Block, and the letters and values of x(A) are 
shown in Table I. The most frequently presented letter in the programs for Block I 
and Block III was L for half of the Ss in each condition and $ for the other half. 
Similarly, T and H were alternated as the most frequent letter in the programs of 


TABLE II 
SPATIAL ARRANGEMENT OF RESPONSE-PANELS 


Blocks I and III (#(A)=0.70) Blocks II and IV (#(A) =0.60) 
ranean SS 


panel positions panel positions 
Total left center right Total left center right 
choices —_— choices — 

4 71S Got 2.130 Sense 
2 Ls 2 ap 
3 (0) LSN 3 (ID THD N 
3 (IIT) L S D 3 (IV) TH 
4 L S ND 4 THD N 
5 H LSND 5 L TEDN ‘ 
7 BH LSN DERRE B Let ED NS 


Block II and Block IV. Each program was 140 trials long and the relative frequen- 
cies required by the design were fixed for these 140 trials although random fluctua- 
tions were permitted within sequences of less than 140 trials. For each condition, 
this program was run forward for the first 140 trials, reversed for the second 140 
trials, and then run forward again for the third 140 trials, making a total of 420 
trials. 
RESULTS 

Because the conditions stated in the design were only met in the pro- 
grams for sequences of 140 trials, this was used as the unit for analysis ig 
the P(A) data. These data were tabulated in three periods of 140 trials; 
Period 1, Trials 1-140; Period 2, Trials 141-280; and, Period 3, Trials 
281-420. The multiple-choice effects that have been demonstrated seem p 
depend upon the number of trials hence it is the data of the later nae 
that are critical for Hypothesis 1, and these are shown in Table a n 
all of the statistical tests quoted, the P(A) score for each $ was t ea 
the number of choices of A, the most frequently presented category, that 


1958, 714-715; Cotton and Rechtschaffen, 


1 Gardner, opp. citt, 1957, 177-1795 
op. cit., 96. 
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were made during the Period in question. For convenience the values pre- 
sented in Table III are the means of these scores converted into propor- 
tions of 140 trials. A separate 4 x 2 analysis of variance was computed for 
each Block for each Period using the number of choices as one variable 
and the letters representing the A category (L vs. $ for Blocks I and IH, 
T vs. H for Blocks II and IV) as the second variable. No F computed for 
L ys. S or T vs. H or their interaction with the number of choices was 
significant for either Period. The Fs computed for the number of choices 
appear in Table III. 

By Hypothesis 1, P(A) should have increased with the number of 
dummy choices, at least by the last Period. By Period 3, of the 12 inde- 


TABLE III 
P(A) vor Perion 2 (Trrats 141-280) ann Pertop 3 (Trias 281-420) 
Total choices 
Block Period F 
2 3 4 7 fe 
I 2 -709 SL) T52 1.11 
3 -730 iTS S i) -163$ 0.27 
2 3 5 8 
ii 2 -584 -559 -587 .573 0.36 
3 .596 -562 -609 .628ł 1.19 
3 4 5 “4 
iil 2 113 -710 172 -809f 2.81* 
3 725 .737t “Hitt 834¢t  3.81* 
3 4 5 8 : 
IV 2 RA = 656 -619 1.15 
. . È g 
* P<0.05. tt 66t .687tł} 0.89 


F PASKA) by est ng raw scores with POUR, 
pendent conditions with dummy choices, only one failed to reach a P(A) 
higher than that of the condition with the same program but no dummy 
choices. Within each Block the rank order of P(A) during Period 3 agrees 
with the rank order of P(A) with only two exceptions, and the highest 
P(A) within each Block was that of the condition with the largest num- 
ber of dummy choices. The strength of this trend was statistically signifi- 
cant, however, only in the case of Block III. When differences between 
pairs of conditions within Blocks were tested, only #-tests for comparisons 
in Block III were significant. 

When the responses to the dummy choices were tabulated, it became 
more clear why they had such a weak effect. Less than 50% of the Ss 
showed any response to the dummy choices after Trial 16, less than 12% 
after the beginning of Period 2 (Trial 141), and less than 7% after the 
beginning of Period 3 (Trial 281), A measure of the rate of extinction 
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was obtained by tabulating the trial on which each $ made his last dummy 
choice, and computing the median for each condition and each Block of 
‘conditions. These medians are shown in Table IV. Within each Block, 
the greater the number of dummy choices, the earlier they were extin- 
"guished. Median tests were performed on these data for each Block and 
"the resulting ys are also shown in Table IV. The ys for Block I and 
_ Block II were significant, while those for Block III and Block IV were not. 
As there were no reversals in the direction of the effect, the data for all 


TABLE IV 
EXTINCTION OF THE Dustary CHOICES 
, No. dummy choices 1 2 3 B 
Block I Median ext. trial 13.5 10.5 6.5 10.5 
f Ss above Block median 18 12 6 x= 12.00" 
No. dummy-choices 1 6 B 
~ BlockIX Median ext. trial 48.0 12.0 10.0 14. z 
s Ss above Block median 17 9 8 e= 8.14 
No. dummy-choices 1 2 4 B 
‘Block I Median ext. trial 58.0 36.0 18.0 32.5 
Ss above Block median 15 13 8 x= 4.33 
t No. dummy choices 1 2 5 Block 
K Block IV Median ext. trial 30.5 26.0 14.0 23.5 s 
is Ss above Block median 15 12 9 x= 3. 


 * P<0,02, with 2 df. 
| + P<0.01, with 8 df. 


“four Blocks can be combined by adding the 77s.° The totaled y? which is 
shown in Table IV is highly significant (27.47 with 8 df.). 
Regarding Hypothesis 2a, by which P(A) should be expected to level- 
off, it can be seen in Table III that P(A) was higher during Period 3 
than during Period 2 for 15 of the 16 independent conditions. This was 
evaluated by paired difference /-tests computed separately for each condi- 
"tion and the results in Table II show that these differences were signifi- 
= cant for 7 of the 15 conditions. It might be argued that the same result 
“might be obtained if P(A) leveled-off anywhere during Period 2, that is, 
within 280 trials. That such leveling was not typical of these data is ace 
in Fig. 2, where P(A) is plotted for each Block for the last two Peri ` 
= Trials 141-420. Regarding Hypothesis 2b, by which P(A) would aah 
expected to exceed (A), it can be seen in Table III that during Peri : 
a P(A) did exceed z(4) for 14 of the 16 conditions. By t-tests, seven pi 
these differences were significant as shown in Table II. It should be note! 
that the probability levels quoted in Table III refer to two-tailed tests. 
* Sidney Siegel, Non-Parametric Statistics for the Behavioral Sciences, 1956, 


179-184. 
*G. W. Snedecor, Statistical Methods, 1956, 212-236. 
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Discussion 


In the previous experiments it was possible to obtain clearly significant 
enhancement of P(A) as a function of the number of choices when the 
non-A events in the program were equally divided among the added 
choices.1° Hypothesis 1 was framed as an interpretation of this enhance- 
ment as a function of the number of available choices rather than the num- 
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ber or relative frequencies of the categories in the program. In the present 
experiment, adding categories of choices without adding categories of 
events in the program tended to raise P(A). Such effects as appeared, how- 
ever, were clearly not comparable to those obtained under the more con- 
ventional multiple-choice procedures with the possible exception of the 
conditions of Block III. At most, these results provide only very weak 
| support for Hypothesis 1; but, the dummy choices were so readily extin- 
guished that, perhaps, only weak effects are to be expected with this tech- 
nique. While the dummy choices attracted so little response that it is diffi- 
cult to evaluate Hypothesis 1, the rate of extinction proved to be sensitive 
to the number of dummy choices, and the direction of this effect suggests 
a very meaningful alternative. Within each Block of conditions, the more 
dummy choices available, the more rapidly all response to dummy choices 
Was extinguished. This is precisely the result that would be expected if the 
multiple-choice effect is seen as a depression of response to the less fre- 
quent categories rather than an enhancement of response to the most fre- 
quent category. Previously, this distinction was not clear because only (A) 
was held constant, while both the number and the relative frequencies of 
the non-A categories varied together. By the technique of the present ex- 
periment, for all conditions within a Block, the program of events was 
identical and, regardless of their number, the rate of hits for all dummy 
choices was the same, że. zero. The rate of misses was the same also, hence 
the effect emerges clearly as an accelerated rate of extinction due to the 
sheer number of dummy choices on the response-panels. oe 
It should be kept in mind that the method of scoring extinction for ae 
S might have been expected to bias the scores, if at all, against the effect 
that was demonstrated. Also, the trends in P(A) might seem to fit an ex- 
planation in terms of the number of choices diverted from A to dummy 
choices, In most groups, however, no choices at all were being diverted to 
dummy choices during Period 3, and in those few cases where aace 
choices were being made during Period 3, the total number was less than 
1% of all the responses of the group. Furthermore, if P(A) pete 
eted by the diversion of choices to the dummy choices, then the con ne 
Within each Block which had no dummy choices available should have ha 
the highest P(A) in each Block instead of the lowest. A 
A 2 » is concerned with the question of whether $ Neate 
tually respond in such a way as to maximize the number of ae = ae 
so that P(A) = 1.0, or whether his responses are so governed by ta x 
Other than the maximization of hits that P(A) will level-off at some #8 
4 714-715; Cotton and Rechtschaffen, 


"Gardner, opp. citt, 1957, 177-179; 1958, 
= Op. cit., 96. 
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ymptote below 1.0. The first alternative is not clearly confirmed unless a 
P(A) of 1.0 is actually obtained. Nevertheless, it cannot be clearly re- 
jected in favor of the second alternative merely because, in a given experi- 
ment, P(A) fails to reach 1.0 after what seems to be a reasonable number 
of trials. The confidence with which the value of P(A) during the ter- 
minal trials of a given experiment can be accepted as an estimate of some 
theoretical asymptote depends entirely upon the stringency of the criterion 
used to rule out the possibility of further increments. While no really 
conclusive statement can be made here regarding asymptotic response 
within 420 trials, when the results of the present experiment are taken to- 
gether with those of a similar experiment performed earlier," it seems 
evident that asymptotes were not reached within 280 trials, with the possi- 
ble exception of two-choice conditions. On the other hand, Hypothesis 2 b, 
the matching hypothesis, can be rejected with some confidence. With mul- 
tiple-choice conditions values of P(A) that significantly exceed x(A) can 
readily be obtained within 420 trials.1? Edwards has shown that a patient 
experimenter can obtain values of P(A) that exceed matching, even with 
two choices, by extending the experiment for a sufficient number of trials.* 


SUMMARY 

A Humphreys-type verbal conditioning-procedure was used to study mul- 
tiple-choice behavior in an uncertain situation. The number of choices 
was varied by adding dummy choices to the categories of choice that were 
available to $. These dummy choices represented categories of critical 
events that never appeared in the programs. Under these condtions, there 
was a tendency for Ss to choose the most likely alternative more often as 
a function of the total number of available choices, but this trend was not 
statistically reliable. Response to the dummy choices extinguished so rap- 
idly, however, that an unequivocal interpretation of this result was not pos- 
sible. The rate of extinction was significantly related to the number of 
dummy choices. The more dummy choices there were available the more 
rapidly all response to the dummy choices was extinguished. This result 
suggests that multiple-choice behavior in uncertain situations might be un- 
derstood in terms of the extinction of competing alternatives. To the extent 
that the data were relevant to the hypothesis of asymptotic matching, it 
was not confirmed. 


u Gardner, op. cit., 1958, 714-715. 

2P, D. McCormack, Spatial generalization and probability-learning in a five- 
choice situation, this JOURNAL, 72, 1959, 135-138; Gardner, opp. citt, 1957, 177- 
179; 1958, 714-715; Cotton and Rechtschaffen, op. cit., 96. 

* Ward Edwards, Probability learning in 1000 trials, Amer, Psychologist, 13» 
1958, 424 (Abstract). 


RECENCY AS A FUNCTION OF PERCEPTUAL OSCILLATION 
By WILLIAM EPSTEIN and DEL DE SHazo, University of Kansas 


In a recent paper Epstein and Rock reported the results of an experiment 
on the influence of expectancy on the perception of form.* Expectancy was 
separated from those factors which are usually coincident with it, and the 
relative effectiveness of these factors was tested in situations where they 
would lead to mutually antagonistic perceptual outcomes. 

Thus, in one experiment $ was first shown the two unambiguous pro- 
files of the ambiguous Schafer-Murphy figure-ground composite.? 5 was 
then informed that E would present a series of four slides consisting of 
three representations of A and a single B. After three consecutive tachisto- 
scopic presentations of A, almost all Ss expected to see B. Instead, A/B 
was presented tachistoscopically. Despite an expectancy for B, 71% of the 
Ss perceived A which was consonant with the most recent perceptual ex- 
perience. Similar results were obtained with a modified version of the am- 
biguous figure, ‘My wife and my mother-in-law’ .* i 

These experiments led Epstein and Rock to conclude that the primary 
determinant of perception in many preparatory situations is a specific, 
recently formed memory trace and not expectancy as such. This conclusion 
confronts us with the logical problem of trace-selection which is present 
whenever we consider an effect of memory on perception." Appropriate 
selection of traces seems to depend on some kind of similarity between the 
present perceptual process and the memory trace deposited by the aunt 
process. This means that the present perceptual process must be organiz 


* Received for publication January 20, 1960. ; this 
J ! William Epstein and Irvin Rock, Perceptual set as an scat 
JOURNAL, 73, 1960, 214-228. eR ee nd 

* Roy Schafer pyx Gardner Murphy, The role of EE aysal ERSE ha 
relationship, J. exp. Psychol, 32, 1943, 336 ff. To farta the usual reproduc- 
refer to the ambiguous composite as A/B. The profile ait Will be called A. The 
ha upies the left half of the arta faco bees See Fig. 1. 
Profile occupying the right half facing left wi ear hs ia outcome. 
en this experince Frequency may also be a in determining the 

is variable was investigated in other experiments. 44-445. 

JE. G. Boring, A cee’ ambia figure, this ourna, 42 190 ach Some con- 
„+ For a more complete discussion of this problem see d cognition, J- Person., 
siderations concerning the relation between perception = isal of the roles of 
18, 1949, 6-13; C. B. Zuckerman and Irvin Rock, A TE Hon Psychol. Bull, 
Past experience and innate organizing processes in visual percepton, 
54, 1957, 269-296, esp. 277-279. 
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before it can communicate with the trace since only an organized process 
(i.e. one resulting in a definite shape in the case of form perception) can 
be similar to the trace representing the organized form seen previously. 
It appears, therefore, that the trace cannot enter into the perceptual process 
until the process itself is organized. Once this has occurred, however, it is 
no longer necessary to invoke a trace effect to explain the perceptual out- 
come. 

Since the effect of recency is obviously an influence of past experience, 
we are faced with the paradox of trace-slection. The difficulty is not so 
acute in regard to the effect obtained with the Boring figures. It is very 
likely that in this case the selection of the trace was mediated by some 
partial similarity between an aspect of the composite in an early stage of 
development and the trace of the recent, unambiguous percept. On this 


A/B A B 


Fic. 1. THE ScHAFER-MurPHY AMBIGUOUS COMPOSITE AND THE 
Two SEPARATE UNAMBIGUOUS PROFILES 


basis the trace could enter into the developing process and influence the 
organizational outcome. Such considerations, however, will not apply to the 
effects obtained with the Schafer-Murphy figure. In this instance the only 
point of similarity which can serve to mediate trace selection is perceived 
shape itself. 

The resolution which we propose is essentially an effort to circumvent 
the problem, We contend that the influence of recency does not reside in 
the determination of the organization of form per se, but that the recent 
trace determines the selection and stabilization of perceptual processes 
already organized. 

The major premise underlying this proposal is the assumption of percep- 
tual oscillation. We assume that when the labile, ambiguous stimulus- 
configuration (A/B) is presented under marginal perceiving conditions, 
there occurs a rapid oscillation of the perceptual alternatives prior to the 
exclusive emergence of one of the alternatives, A and B occur as organized 
forms in rapid alternation below the threshold of awareness. When the 
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alternative appears which is congruent with the recently implanted trace, 
then arousal of the trace occurs on the basis of distinctive similarity. The 
trace, once selected, intrudes into the labile perceptual process and stabilizes 
the situation by reinforcing the consonant perceptual alternative. As a con- 
sequence of these presumed occurrences, recency exerts a selective influ- 
ence, determining which of the already organized alternatives will gain 
dominance and be perceived. In this way the logical issue is avoided since 
it is no longer necessary to assume the selection of traces prior to the 
organization of the consonant percept. Instead, the trace is contacted 
after the percept is organized, and only then does it exert a selective 
influence. 


Method. There are many difficulties attending an experimental test of 
this hypothesis, We cannot look to S’s introspective report for information 
about the occurrence of oscillation, Furthermore, the oscillation is assumed 
to occur so rapidly as to preclude an attempt to ‘break into’ the ongoing 
process. 

We finally decided upon the following procedure. A discriminatory GSR 
would be conditioned to one of the alternatives under circumstances that 
favor a recency-effect of the other alternative. For example, A would serve 
as the CS while B would be most recent, 7.2. immediately precede A/B. 
When A/B is presented, S should see B, but, at the same time, the GSR 
which is conditioned to A only should be evoked. This follows from our 
assumption that prior to the exclusive appearance of B, perceptual oscillation 
took place in which A was also represented. 


ctor was used. An Alphax tachisto- 


7 -in, slide proje 
Apparatus. A La Belle 2 X 2-in. slide pro) rion to sie. WS aahei, 


scopic lens calibrated for time-exposures ranging Å : 
A 50-slide cartridge and semi-automatic feeding mechanism permitted Aponia 
be made quite rapidly. The images were projected onto a white ERA AS R 
the projector and approximately 45 cm. from S. The room was dimly lighted. 
shock device, constructed from a Variac transformer (range of 0 to 130 aes 
attached to the ring and index fingers of S's left hand and Moa mee Hunter 
current of variable intensity could be applied by pressing & = pe £ S's right 
model 300-GSR amplifier was connected to both the palm and back o h ie 
hand by two electrodes, well saturated with electrode jelly. The GSR-recor s ; 
connected in series with an Esterline-Angus Graphic Ammeter (mod ENA He Jdi 
calibrated so that each 1⁄4-in. of arc swing by the pen recorder ep 3 z a 
tion (positive swing) or reduction (negative swing) of 250 Q of senan f 

Materials. The Schafer-Murphy composite, A/B, and the two unam! igu one 
files, A and B, were used. The fourth figure was a circle, C, identical ial 2x 
ence to the border of the composite. These ngonoa m 


2-in, transparencies. 
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Subjects. The Ss were 71 students (35 men and 36 women) in an introductory 
course in psychology. All of them were naive regarding the purpose of this study 
and the nature of the perceptual stimuli. 

Procedure. The Ss were tested individually in a soundproof room. Each in turn 
was seated at a table containing the apparatus previously described, and the pur- 
pose of each piece of equipment was explained briefly. The shock-apparatus was at- 
tached to S's left hand and shock was administered beginning with an intensity of 
5 v. and then increased by increments of 5 v. This continued until $ found the 
stimulus to be disagreeable. When this level was established the electrodes of the 
amplifier were attached to S's right hand. 

Instructions. § was instructed to relax for several minutes during which time his 
‘basic resistance-level’ was recorded. Then the following instructions were read to 
him. 


_ In this experiment I am trying to discover how rapidly different people can 
identify different visual figures, even when they are occasionally distracted by electric 
shock. Three different figures are going to be flashed on the screen many times in 
random order for very brief exposures. [At this point Stimulus-Figure A was described 
and presented briefly; Stimulus-Figures B and C were then described in turn and 
presented briefly. The instructions were then continued as follows:} Do you think 
you can recognize these figures? {If the answer was negative, each figure was 
described verbally again.] Now we are ready to begin the experiment. As soon as 
a figure appears on the screen you are to identify it by calling out immediately 
whether it is A, B, or C. Remember, call out the letter assigned to the figure the 
instant you see it! Ready? Let's begin. 

; A preparatory series of 46 slides was presented. The following conditions were 
imposed on the composition of the series. (1) A and B occurred with equal fre- 
quency, 19 presentations each. (2) A and B faced both left and right an equal 
number of times. (3) A and B never followed each other in complementary orien- 
tations on successive presentations, e.g. A facing right followed by B facing left. 
(4) The final A es B (Presentation 46) which immediately preceded A/B faced in 
a direction opposite to the direction of that profile in the composite. (5) C was 
Presented eight times. In other respects the preparatory series was ordered randomly. 
This series was followed by the presentation of A/B. 

Slides 1-42 each were presented for 0.02-sec.; Slides 43—46 and A/B cach were 
prena for 0.01 sec, The shorter exposure-time for A/B was intended to reduce 
the number of ‘both’ responses, and it was initiated with Presentation 43 so as to 
allow sufficient time for the extinction of any GSR which might result from the sud- 
den introduction of a more rapid exposure, All exposures, except for every tenth, 
followed the preceding pay by 5 sec.; each tenth exposure followed the preced- 
ing one by only 1 sec. In this way we reduced the possibility that the 1-sec. interval 
between the composite and the immediately preceding figure would elicit a GSR in re- 
action to the shorter interval.® 


All incorrect identifications of Presentations 1-7 (3 As, 3 Bs and 1 C) were cor- 


°C was introduced into the preparato. i ied i 
: ced ry series fo! Je tried in 
this manner to eliminate a GSR to A/B which iEn Deettaced by its none 


circular appearance. Almost without exception th i be 

nce. t se precautions proved to 
unnecessary. A significant change in GSR rarely was observed to teeny the initial 
or subsequent occurrences of these novel stimulus-conditions, 
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rected by E. For Group 1, 15 of the remaining exposures of B, the conditioned stim- 
ulus (CS), were followed after 0.5 sec. by a shock, the unconditioned stimulus 
(US). The final presentation of B was not followed by shock, This was a test-trial. 
The occurrence of a GSR on this trial was taken as evidence that a conditioned re- 
sponse (CR) was established. Group 2 was treated similarly except that A served as 
the CS. For Group 1, A was most recent, i.e. preceded A/B and for Group 2, B 
was most recent. 

The following criterion was adopted to determine whether an obtained recency- 
response was accompanied by a conditioned GSR. The GSR elicited during the test- 
trial for a given S served as an indicator of the upper limit of GSR magnitude for 
the next appearance of the non-recent figure. A GSR of somewhat lesser intensity 
would be expected to accompany a recency-response to A/B in cases where the non- 
recent profile had appeared in the prior oscillation. The GSR elicited by the final 
presentation of the recency-figure was taken to represent the lower limits of any 
GSR to A/B. This is the response-level to be expected if only the recency-figure is 
perceived when A/B is presented. To qualify as a CR any GSR accompanying a 
recency-response to A/B had to exceed the mean of the response-magnitudes for the 
final presentations of the recent and non-recent figures. 


Results. Eleven Ss were rejected from the study because they failed to 
develop a CR, All the remaining Ss developed the required discriminatory 
response, że. a significant change in the GSR was elicited by the CS and 
was not elicited by either of the two neutral stimuli, The results which 
are reported below are based on two groups of 30 Ss each, Since there 
was no difference in the responses for the two groups, we have combined 
the data for both groups, i.e. for 60 Ss. 

(1) The first aspect of our results with whi 
frequency of the recency-responses, 7.e. the num 
accordance with the most recent perceptual experience. 
distributed as follows: 36 Ss saw the recency-figure, 9 saw the non-recent 


alternative, and 15 saw both. If we exclude both’ responses, W= find 


that 80% of the unambiguous responses were consonant with recency 
he earlier findings reported 


(X? = 16.2, p < 0.01). These results confirm t 

by Epstein and Rock." 
(2) The second aspect of concern is the frequency at ve the con- 

ditioned GSR accompanied the recency-responses made to A/B. res: 
Our hypothesis does not demand that all the recency-responses 


companied by the conditioned GSR. In fact, as a first ipponin E 
might predict that only 50% of the recency-responses will be accomp: 


: ing pre- 
by a CR. This expectation follows from the assumption that ee i 
liminary oscillation the alternative which is consonant with recency, #-¢- 


ch we are concerned is the 
ber of Ss who saw A/B in 
The responses were 


"Epstein and Rock, op. cit, 214-228. 
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neutral stimulus, will appear first in half the cases. When this happens the 
oscillation will be aborted. Trace-arousal will occur and the consonant 
percept will be immediately stabilized, thereby precluding the emergence of 
the CS, i.e, the alternate profile, and the associated CR. 

On the basis of the assumption given immediately above we may sharpen 
our prediction. If the ‘both’ responses (15) are eliminated, and the re- 
mainder (45) is halved, then the quotient may be taken to represent the 
number of occasions on which the non-recency figure appeared first in the 
oscillation process, i.e. 50% of the cases or 22.5, From this assumed value 
we may then subtract the obtained number of non-recency responses (9). 
The remainder may be presumed to represent the number of instances 
when the initially occurring non-recency percept was not reported because 
it was superceded by the influence of recency, i.e. the percept favored by 
recency was attained. On these occasions the recency-response should be 
accompanied by a conditioned GSR. This prediction is most easily ex- 
pressed by the following simple formula: 3 


GSRajz = |(T — B)/2] — NR 
where the left hand term is the frequency of GSR occurrence when A/B 
is presented, T is the total number of cases, B is the number of ‘both’ 


responses, and NR is the number of non-recent responses. We may 
substitute our present results in the formula as follows: 
GSRaje = [(60 — 15)/2] — 9. 

The value 13.5 which is obtained in this way is the theoretically expected 
frequency of GSR occurrence. This value represents 37.5% of the total 
number of recency-responses. We may summarize this reasoning by saying 
that in 37.5% of the cases where a recency-response is given, a GSR will 
be evoked also. 

Our results fit this requirement. The data show that 14 (38.9%) of the 
36 recency-responses were accompanied by the conditioned GSR. This fre- 


quency does not differ significantly from the expected frequency of 13.5 
(37.5%) 8 


Discussion. We have presented evidence in support of our assumption 
that subthreshold, perceptual oscillation does occur, In the preceding €X- 
periment the conditioned GSR was elicited when A/B was presented with 
a frequency which satisfied the theoretical requirement. This is a fairly 


8 As would be expected, all of the non-recency res d ‘both’ responses 
made to A/B were accompanied by GSR. ao PO 
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i 
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unequivocal indication that the CS, i.e. the non-recent alternative, did occur 
prior to the final emergence of the alternative favored by recency. 

There are, however, other possible interpretations of our data which 
should be mentioned: 


(1) Stimulus-generalization. The GSR elicited might be the result of stimulus- 
generalization from the CS to the neutral stimulus (recency-figure). This possibility 
cannot be taken too seriously since the preparatory series was very successful in 
establishing a discriminatory response to the CS. A careful inspection of the graphic 
records of the GSR convinced us that any original tendency toward generalization 
was completely extinguished long before the test-presentation. 


(2) Response inhibition. The occurrence of a CR without the accom- 
panying report of the CS might be attributed to a suppression of the 
verbal report. In this view, $ defends himself against the noxious potential 
of the CS by suppressing any overt recognition of its existence. Thus a 
CR is obtained, but a verbal report is omitted. There are many reasons 
for discounting this interpretation. Most importantly, it can be dismissed 
because it cannot account for our results. On the basis of this thesis no 
prediction can be made about the proportion of recency-responses which 
will be accompanied by a GSR.® Nor is this hypothesis compatible with 
the distribution of test-responses which was obtained. One would expect 
that as part of a defensive effort every $ would give a recency-response. 
This was not the case. : 

(3) Subjective probability of CS. Another explanation of our findings 
might be derived from Howes’ analysis of the effect of subception. 
Howes interprets the results obtained in the experiments on subception in 
terms of the hypothesis that “at any specified moment the GSR accompany- 
ing an observer's report is proportional to the probability that that report 
will be a shock (conditioned) syllable.” Applying this hypothesis to 
the present experiment, one might argue that $ expects shock to apay 
4 third of the presentations. Therefore, when A/B is presented a iar A 
the Ss expect shock, and consequently a GSR is elicited in a third of the 
cases,12 

This hypothesis is not consistent with the perfo 
ing series. If the occurrence of a GSR is correl 


rmances during the train- 
ated with the subjective 


i i above. 
"The same objection applies to the first_alternative ae Rev, 61, 1954, 


” Davis Howes, A statistical theory of subception, 
10. 


Thid., 99. ecific 
“In point of fact our interviews rarely revealed that the S had any spi 


€xpectancy about the identity of the coming event. 
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probability that the approaching presentation will be the CS, then there 
should have been many instances when a GSR accompanied the two neutral 
stimuli, This, however, seldom happened, After the twenty-fifth presenta- 
tion, none of the presentations of the two neutral stimuli was accompanied 
by a significant change in GSR. 

The primary purpose of this investigation was to provide a more com- 
plete understanding of the processes underlying the effect of recency. At 
the same time, we have demonstrated one of the ways in which a trace can 
enter into an ongoing perceptual process and influence its further develop- 
ment, No doubt the thesis of perceptual oscillation contributes only a 
partial resolution of the paradox of trace-selection and will not apply to 
all illustrations of the effects of past experience in perception. We have 
indicated earlier that the effects obtained by Epstein and Rock with the 
“Wife and Mother-in-Law” figure are probably to be explained differ- 
ently. The experiments performed by Wallach, O'Connell, and Neisser in 
which a memory-trace is shown to affect depth-perception in a KDE 
(kinetic depth effect) situation also may be attributed to different proc 
esses.14 

Our formulation, however, may have general applicability where rela- 
tively simple, labile stimulus-configurations are employed. Thus, in a 
recent study, an effect of past experience was demonstrated on the percep- 
tion of a reversible, tridimensional cube.’ $ inspected a skeletal wire cube 
monocularly until a reversal occured, i.e. an inversion of the perspective of 
the near and far faces. Both eyes were then covered for a 2-scc. period 
after which $ looked monocularly at the cube again, The influence of past 
experience is shown by the significant number of cases in which the re- 
versed version of the cube was seen after training. The applicability of 
our formulation to this situation is fairly apparent. 

Another significant aspect of the present study is the consistency with 
which the recency-effect occurs. For five experiments (including the experi- 


“Op. cit, 214-228; Also of interest are the results reported by Robert Leeper 
(A study of a neglected portion of the field of learning—the development of sensory 
organization, J. joe Psychol., 46, 1935, 41-75). Leeper, using the “Wife and 
Mother-in-Law” figure, was able to show an effect of previous perceptual experience 
after an interval of two weeks. This is further indication that the effects obtaine 
with that figure and the Schafer-Murphy figures are not to be explained in the 
same way. 

_™ Hans Wallach, D. N. O'Connell and Ulric Neisser, The memory effect 0n 
visual perception of three-dimensional form, J. exp. Psychol., 45, 1953, 360-368: 
There are, however, certain interesting similarities between the explanation which 
Wallach et al. offer and our own. 

*P. A; Adams, The effect of past experience on the perspective reversal of @ 
tridimensional figure, this JOURNAL, 67, 1954, 708-710. 
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ments reported by Epstein and Rock) using over 400 Ss from three differ- 
ent populations, the magnitude of the recency-effect has ranged from 7196- 
80% of the unambiguous responses. The demonstrated reliability of this 
effect may perhaps make it a useful tool for the indirect investigation of 
the nature of the memory-trace. 

Finally, we wish to mention briefly one tangenitial aspect of our study. 
We believe that the results of this experiment constitute a demonstration 
of subception which is not open to the methodological criticisms often 
directed at previous experimental illustrations of this phenomenon.*® In 
addition, our experiment has the advantage of being free of any confound- 
ing association with the concept of perceptual defense. 


SUMMARY 


In a previous paper it was shown that many of the perceptual effects 
usually attributed to expectancy should be attributed instead to the influence 
of specific, recent, memory-traces. This conclusion made it necessary for us 
to explain how a memory-trace can enter into a perceptual process and 
influence its outcome. The hypothesis which we proposed centered around 
the assumption that prior to the exclusive emergence of the percept finally 
attained, there.occurred a period of perceptual oscillation. During oscillation 
the various organized alternatives appear and trace-selection occurs on the 
basis of distinctive similarity. Once the trace is selected, it can then enter 
into the labile process and determine its further development. T 

This hypothesis was tested in an experiment utilizing a classical condi- 
tioning procedure, and supportive evidence was obtained. The significance 
of this finding was discussed with reference to several questions in the area 


of perception. 


Fact or artifact, Psychol. Rev., 63, 


"See especially C. W. Eriksen, Subception: e A methodological survey 


1956, 74-80; Discrimination and learning without 
and evaluation, ibid., 67, 1960, 279-300. 


THE EFFECT OF SHIFT OF SENSORY MODALITY ON 
SERIAL REACTION-TIME: A COMPARISON OF 
SCHIZOPHRENICS AND NORMALS 


By SAMUEL SUTTON, GAD HAKEREM, and JOSEPH ZUBIN, Columbia 
University, and MAURICE PorTNoy, Brooklyn State Hospital 


Information about the environment is available to the organism by way 
of a number of simultaneously active sensory channels, but all of these 
inputs do not have equal priority at any given moment. ‘There has, how- 
ever, been relatively little study of the dominance of any one specific sense 
and the consequences of this dominance for behavior. Nor do we have 
experimental information regarding the ease with which this relative domi- 
nance may be shifted from one sense to another. Interest in this problem, 
however, dates back to Wundt, who commented as follows. 

Slighter but still very noticeable is the retardation [in quickness of response] if 
one arranges the experiment to have the observer in ignorance as to whether light, 
sound, or touch impressions [stimuli] will be forthcoming, so that the attention 
cannot be turned to a particular sense organ. Immediately one notes a peculiar un- 
rest because the strain of attention [die Aufmerksamkeit begleitende Spannungsse- 
fühl} continuously vacillates among the several senses." 

More recently Mettler pointed to the role of this ‘‘vacillation of atten- 
tion” among the several senses in environmental scanning by the organ- 
ism.? He suggests that the relative facility of shifting set or attention from 
one sensory input to another may be relevant to the efficiency of the of- 
ganism’s processes of monitoring events in progress. He speculates that 
deficiencies in maintenance of set, and deficiencies in capacity to shift set, 
may account for some aspects of the perceptual disorientation of the schizo- 
phrenic. He goes on to suggest specific brain structures whose malfunction 
might cause impairment in the control of information coming in along 
competing sensory routes. 

Mettler’s neural hypotheses need not be fully accepted at this time but 
they suggest, nevertheless, a comparison of schizophrenic patients and 


* Received for publication October 30, 1959. This investigation was supported in 
part by Projects M 586 and M 1541 from the National Institute of Mental Healt 
granted to Biometrics Research, New York State Department of Mental Health. 

1 Wilhelm Wundt, Grundziige der physiologischen Psychologie, áth ed., 2, 1893, 
352 f. (Translation ours.) ° 

7F. A. Mettler, Perceptual capacity, functions of the corpus striatum and schizo- 
phrenia, Psychiat. Quart., 29, 1955, 89-109. 
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normal individuals regarding the relative ease with which they may shift a 
response to stimuli in one sensory modality to stimuli in another modality. 
We expected schizophrenics to have more difficulty than normals in this 
shift. 


For the purpose of this study, we used the simple task of lifting the fin- 
ger from a ‘home’ plate as rapidly as possible after the onset of a light or 
a sound, We made the assumption that having just responded to one stim- 
ulus, S is set to respond to another stimulus in the same modality more 
readily than to a stimulus in another modality. As a measure of the ease 
of shifting, we used the relative speed of response to a second stimulus in 
the same modality as compared with a stimulus in a different modality. We 
shall call the former the ‘ipsimodal’ reaction-time and the latter the ‘cross- 
modal’ reaction-time. 


METHOD AND PROCEDURE 


Many experiments which attempt to compare the level of performance of schizo- 
phrenics and normals suffer from the difficulty that differences between groups not 
intrinsic to the purpose of the experiment probably account for most of the observed 
differences in performance. For example, it has been widely observed that schizo- 
phrenics display longer reaction-times than normals, but it is not clear whether 
this represents some kind of motor blocking, or simply reflects lack of coöperation 
and poor motivation on the part of the schizophrenic patient In the design of the 
present experiment, we attempted to minimize the effect of these extraneous variables 
by making each S his own control. A preliminary description of our experimental 
procedure may serve to clarify our approach to this problem. 

S was instructed to lift his finger as rapidly as possible at the onset of any one 
of the four stimuli (red light, green light, high tone of 1200~, low tone of 400~) 
used in the series. When he had accomplished this, he returned his finger to the 
home plate and waited for the next stimulus. The stimuli were programmed ina 
quasi-random order and were separated in time by a few seconds. In the analysis of 
the data, we compared crossmodal reaction-time (e.g. reaction-time toa high re 
Which had been preceded by a trial with a red or green light) with ipsimo s 
reaction-time (e.g. reaction-time to a high tone which had been preceded by a tria 
with a low tone). : sae 

A lapse of motivation for part of the series or even for the whole series of n 
should have affected both types of trials equally since they were interspersed in tl : 
Presentation. By interweaving, moreover, the two experimental conditions, no eter 
attention was called to the comparisons in which E was interested. The sequence 0} 
Stimuli appeared purely random to S. Since the task is a simple reaction, aor 
no discrimination in the perception of the signal nor in the execution o “ ay 
sponse, the ipsimodal and crossmodal reaction-times should not differ are e shi 
in modality per se—the phenomenon E was investigating—introduces a difference. 


`H. E. King, Psychomotor Aspects of Mental Disease, 1954. 
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Subjects. The Ss for the experment were 23 chronic patients and 25 normal con- 
trols. The chronic patients had all been diagnosed as schizophrenic and had been 
residents of Broolyn State Hospital for at least two years.’ Patients who had 
received tranquilizing drugs or other somatic treatment during the two weeks prior 
to the experimental session were excluded, The normal controls were obtained from 
personnel working in the hospital ward. 

Procedure. Every S was tested on two successive days. The four stimuli originated 
at the same point in space in front of S. They were clearly discriminable and had 
been subjectively equated for intensity by one of the Es utilizing himself as an $. 
§ was seated in front of the apparatus and made familiar with the four stimuli. He 
was instructed to lift his forefinger from a plate as rapidly as possible whenever any 


TABLE I 


SAMPLE FROM THE DATA FOR ONE S ILLUSTRATING THE MopE 
OF CLASSIFICATION USED IN THE STUDY 


Reaction-time (in m.sec.) 


Trial n Tpsimodal Ipsimodal 
No. Stimulus Code (identical) (non-identical)  Crossmodal 
QS pe ae 
Light Sound Light Sound Light Sound 
1* red — 
2 red rR 334 
3 red rR 221 
4 low rL 330 
5 hi 1H 365 
6 ret hR 224 
7 green rG 187 
8 high H 175 
9 high H 221 
10 r hR 230 
11 high rH 271 
12 low hL 198 
a low IL 184 


* First trial not used. 


of the four stimuli was presented. The lifting of the finger terminated the stimulus 
and S$ returned his finger to the home plate and waited for the next stimulus. 
Reaction-time was measured from the onset of the stimulus to the lifting of the 
finger. No ready-signal was given; the termination of each stimulus served as a 
signal that the next trial had begun. The time-intervals between trials were random 
values between 3-5 sec. automatically controlled by a prepunched film-strip moved 
by a constant-speed motor. 

A series consisted of 80 trials, 20 for each of the 4 stimuli. The stimuli were pre- 
sented in a mixed order so designed that there were as many crossmodal as ipsimoda 
sequences. No more than three stimuli in a given modality occurred successively. 
A part of the series is presented as an example to clarify the procedure and the 
classification used for analyzing the data. 

As may be seen from Table 1, each trial may be classified as crossmodal or ipsi- 


* Patients for whom the case record indicated any doubt with respect to diagnosis 
were eliminated from the sample. 
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dal, and as sound or light. The ipsimodal trials are further subdivided as having 
timulus identical or non-identical with the preceding stimulus. Since all cross- 
dal trials must be non-identical, there are only two groups of crossmodal trials, 
to sound and those to light. For example, the stimuli of Trials 4, 8, and 11 
HL, gH, rH) are sounds which were preceded in each case by light. These trials 
therefore, crossmodal trials to sound. In like manner, Trials 6 and 10 (hR, 
are crossmodal trials to light. Trials 2 and 3 (rR, rR) are ipsimodal identical 
to light, and Trials 9 and 13 (hH, IL) are ipsimodal identical trials to sound. 
7 (rG) is an ipsimodal non-identical trial to light, and Trials 5 and 12 
, hL) are ipsimodal non-identical trials to sound. 
alysis of data. For every S, we performed a Mann-Whitney U-test to evaluate 


TABLE II 
AND STANDARD DEVIATIONS OF CROSSMODAL AND ĪPSIMODAL NoN-IDENTICAL 
REACTION-TIMES (IN M.SEC.) FOR SCHIZOPHRENICS AND NORMALS 


Normals Schizophrenics 
Day and stimulus z D a SD 

Day 1, light: 

crossmodal 260 37 419 121 
4 ipsimodal 250 53 387 118 

ay 1, sound: 

crossmodal 239 53 473 an 
age 243 51 437 

ay 2, light: 

crossmodal 252 28 403 

ipsimodal 250 33 392 
Day 2, sound: 

crossmodal 236 49 a cis 

ipsimodal 234 41 43. 


difference between his crossmodal and his non-identical ipsimodal peer ee 
$ was done separately for reactions to sound stimuli and for reactio at = 
muli. The Mann-Whitney U-scores were transformed to 7 Sie pans 
lowing properties, Z close to zero indicates little or no difference between Cross- 
l and ipsimodal reaction-time“ Positive Z means tht rosmona ay AA 
longer, and negative Z means that ipsimodal aor 3 est hrenics 
ed for every $ was then used in the group comparisons scape act? 
normals.’ s ight and one for 
€ computed four Z-scores for every S, one for pe ai E > gia these Zs 
feactions to sound on each of the two testing days. In s F a sent i corti 
combined for every S according to a technique described 7 ti T ble II 
$ and standard deviations based on the original measures are cee ee S 


S. Siegel, Nonparametric Statistics for the Behavioral bier een ‘psi a 
the Z-score was therefore an index of the relative sp ile ob differ- 
ons. The same Z-score might be obtained by two. Be in the z also mini- 

n their speed of reacting. The use of rankin fess safeguards were believed to 


4 aen d 
Recessary to compare schizophrenics with normals sie Pes a gree pay 
-individual variance tend to be higher for the schizophrenic tive lengthening of 
be considered as a fairly uncontaminated 

10n-time to modality shift. 


SIR. A. Fisher, Statistical Methods for the Behavioral Sciences, 1938, 104. 
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CUMULATIVE PERCENTAGE OF INDIVIDUALS 


CUMULATIVE PERCENTAGE OF INDIVIDUALS 


Z-SCORES Z- SCORES 


Fic. 1 A-D. RELATIVE SPEED OF CROSS- AND IPsIMODAL REACTIONS 
A, to sound on first day of testing; B, to sound on second day; C, to light on = 
day; and D, to light on second day. 
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RESULTS 


_ The distributions of Z-scores for light and sound on two testing days 
ie presented as cumulative curves in Fig. 1 A-D. The distributions of 
es for normals and schizophrenics are significantly different for 
bund stimuli on both test-days (Day 1, p < 0.001; Day 2, p < 0.01); 
üt they arc not different on either day for light stimuli.* 
Tt will be noted that the distriSution for the patients is displaced in the 
ion of longer crossmodal reaction-times for both light and sound 
i on both days. The normals are less consistent. On the first testing 


er crossmodal reaction-times. None of the correlations with age (tho) 
comparisons between sexes (Mann-Whitney U-test) reached statistical 


Discussion 


The schizophrenics consistently react more slowly to a stimulus which 
‘Ws preceded by one in a different sensory modality than to z rs ec 
` by one in the same sensory modality. There is a reliable difference 
een schizophrenics and normals, however, only for reacties i sound 
the second stimulus. We suspected that the lack of consistency a 
mparison between the groups was due primarily to variability fron; nA 
trial and that a larger number of trials in each of our categories ; idual 
yield stable scores, We combined, therefore, all four Zs for each indivi 


âs ipsimodal reaction-times. The schizophrenics show only aes 
(13% of the sample) with longer ipsimodal ae between 
Viduals (87%) have longer crossmodal reactions. The FM 
the two distributions is significant at the 19% level of confi ee pereo 
“It is reasonable to inquire whether the greater lengthening z revious 
ddal reaction-time for schizophrenics is due to the fact that A to the 
nulus was in a different sensory modality, P TAR as bie shown 
ct that the previous stimulus was simply diraa TAR to a dif- 
at the crossmodal reaction is longer than an tpsin stimulus longer 
t stimulus. Is an ipsimodal response to a diffetees 


Significance is estimated from the Mann-Whitney test. 
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than an ipsimodal response to the same stimulus? In testing for this, we 
also compared schizophrenics and normals as to their relative speed of 
reaction to identical and non-identical stimuli in the same sensory modality. 
Although the reaction-times for both groups to ipsimodal, non-identical 
stimuli were longer than the reaction-times to ipsimodal identical stimuli, 
no significant differences between schizophrenics and normals were found 
on any of the ipsimodal comparisons—all ps being greater than 0,05. We 


—- NORMALS 
3---x SCHIZOPHRENICS 


CUMULATIVE PERCENTAGE OF INDIVIDUALS 
s 


Z- SCORES 


Fic. 2. COMBINED MEASURES OF RELATIVE SPEED OF 
Cross- AND IPSIMODAL REACTIONS 


take this to mean that the effect which is critical in discriminating schizo- 
phrenics and normals is not due to stimulus-difference per se but rather to 
differences in sensory modality, 


Our experience in a large series of experiments over the last few years indicates 
that the lengthening of crossmodal reaction-time is not limited to schizophrenics, but 
also occurs in normals. Manipulation of several parameters will predictably enhance 
or weaken the effect. These critical parameters are the time-interval between stimuli, 
the number of ipsimodal stimuli which precede a crossmodal stimulus, and intensity 
of the four stimuli. We also find that there is a greater lengthening of crossmodal 
reaction to sound when it is preceded by a series of light stimuli (e.g. red light, 
red light, red light, low tone) than of crossmodal reaction to light when it i$ 
preceded by a series of sound stimuli (e.g, high tone, high tone, high tone, red 
light). Using a choice reaction-time design (a different response to each of the four 


i i aa 
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stimuli) yields similar results but at different parameter values than the design 
which we used in this study. 


There are few direct experimental attacks on the problem of the disturbances of 
set and attention in schizophrenia. Rodnik and Shakow studied the ability of schizo- 
phrenics to maintain an effective set to react for varying periods of time” They 
varied the time-interval between a ready-signal and the stimulus to which the 
individual was instructed to react with a simple finger movement. They found that 
for normal Ss, reaction-times were consistently more rapid when trials in a given 
series had a foreperiod of the same duration than in a series in which the length of 
the foreperiod varied from one trial to the next. Schizophrenics, however, reacted 
more rapidly in the irregular series than in the regular series when the duration of 
the foreperiod was longer than 6 sec. These results were recently confirmed by Tizard 
and Venables.” 

There are, however, a few studies with normals which shed some interesting light 
on this problem of sensory shift. Mowrer studied simple reaction-time as a function 
of instructional variables and the sequence of stimuli.” These experiments were done 
in the context of a controversy on central vs. peripheral determination of set. In his 
first experiment Mowrer found that simple reaction-time to sounds was faster when $ 
was told that he would be presented with sounds only than when he was told he would 
be presented with both sounds and lights. This was true despite the fact that no lights 
were actually presented. In a second experiment, $ was again told that both sounds 
and lights would be presented, but the first light was presented after a series of 
several sounds. The reaction-time to this ‘unexpected’ first light was much longer 
than the habitual reaction-time to light. A similar lengthening of reaction-time to 
an unexpected sound occurred after a series of lights. A repetition of the same ex- 
periment using two different lights (red and green) did not, however, result in a 
lengthening of the reaction-time to the ‘unexpected’ stimulus. He repeated his 
experiments using different permutations of sound, light, and vibration. The interest- 
ing generalization that emerges (ours, and not Mowrer's) is that reaction-time was 


always longer when the ‘unexpected’ stimulus was in a different sensory modality, 


and never lengthened when the ‘unexpected’ stimulus was in the same sensory 
gthened crossmodal reaction-time. 


modality. This is consonant with our finding of len; PENR 

In another experiment, Mowrer so alternated successive stimuli that sound always 
followed light, and light always followed sound. After a series of 18 aigan he 
‘unexpectedly’ presented two sounds in a row. The reaction to the second sound was 
not delayed as Mowrer supposed it would be. All of these results are, however, in 
harmony with our findings. 


We interpret the results of our experiments to mean that attention, or 


maximal readiness to respond (set), is not equally available to all sensory 


"E, A. Rodnick and D. Shakow, Set in the See measured by com 
Posite reaction-ti i mer. J. Psychiat., 97, pees a . 

wy, Tired i ada a a Racha. tine responses by schizopirala mental 
defectives, and normal adults, Amer. J. Psychiat., 112, 1956, 803-807. expectancy)— 

"O. H. Mowrer, N. N. Rayman, and E. L. Bliss, Preparatory set TART 1640. 

n experimental demonstration of its ‘central’ locus, L Gate idence of its 
357-372; O, H, Mowrer, Preparatory set (expectancy) —Further, €v 


Central’ locus, jbid., 28, 1941, 116-133. 
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inputs at any given moment in time. The occurrence of relevant stimuli in 
a given sensory modality predisposes the organism to be maximally ready 
for further stimuli in the same modality.!* When a relevant stimulus occurs 
in another sensory modality, the organism is less prepared and reaction- 
time is lengthened, That the central nervous system initiates some selective 
action with respect to the several sensory inputs would be assumed, Recent 
neurophysiological evidence, giving some clue as to the mechanism in- 
volved, is available in the observations of Hernandez-Peén.** He found 
that evoked potentials in a sub-cortical portion of the auditory pathways of 
the unanesthetized cat disappear when the cat is presented with the visual 
stimulus of a mouse. The recent work on the role of the reticular forma- 
tion in modifying EEG patterns may provide additional evidence to sug- 
gest the mechanism involved. 


SUMMARY 


Schizophrenics and normals were compared as to the relative speed of 
reaction to successive stimuli in the same and different modalities (vision 
and audition). Schizophrenics show a greater lengthening of reaction-time 
to a second stimulus in a different modality than do normals. A method 


of comparing schizophrenics and normals, so as not to yield spurious group- 
differences attributable to motivation, is developed. 


a ų F 5 — 

Re eed ted an ae the abe given. It is doubtful whether a 
perimental room, unless it ature hi 

effect on reaction-time. was of an unusual nature, had any 

R. Hernández-Peón, H. Scherrer, and M. Jouvet, Modification of electric activity 


S Rice po nucleus during ‘attention’ in unanaesthetized cats, Science, 123, 1956, 


SEMANTIC SHIFT IN BILINGUALISM 
By Susan M. Ervin, University of California, Berkeley 


It has long been known that languages differ widely in their systems of 
categories for naming colors. Roberts and Lenneberg, in contrasting the 
English and Zuni systems, noted that bilingual Zuni terminology differed 
from that of monolinguals. In this paper a method of prediction of bi- 
lingual color-terminology is proposed, on the basis of a simple theory of 
verbal mediation. The material is presented both as a test of an extension 
of this theory,? and as an explanation for the phenomenon of semantic 
interference, or shift in the meaning of terms under the influence of a 
second language.® 

The semantics of color must be described in probabilities, both for in- 
dividual usage and in a language community. It is likely that any system 
of categories applied to continuous physical dimensions has this property, 
both because of the difficulty in learning sharp discriminations, and be- 
cause the perceptual conditions for speakers and reinforcing hearers are 
rarely identical. At the center of categories, where the probability of a 
particular name is at its peak, reaction-time is consistently shorter, as 1s 
shown in comparison of Figure 1 A with 1 B. Marbe's Jaw thus applies 
to naming as well as to word-associations.* Brown and Lenneberg have 


ossible by the 
cholinguistics, of the Social 


lingual data, is gratefully acknowledged. Fig. 1 has appeared in 
; 15 gea y i uage, 36, 1960, p. 380, and 
Ervin, and A, E. Horowitz, Navaho color ray de: pee ae ‘The language article 


1953, Vol, 2, 459-474. i -association have 
‘According to Marbe, the more common sapone a a AEE in 
shorter latencies, There is a summary of Marbe's wick oll Oxford University 
C. E. Osgood, Method and Theory in Experimental Psychology, 
Press, 1953, pp. 722-723. 
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shown that high correlations occur between measures of interpersonal 
agreement in naming (commonality), intrapersonal agreement, and speed 
of reaction, in monolinguals.* 

Bilinguals, however, have available a larger set of possible responses. 
If a bilingual is asked to name colors in a particular language, he must 
suppress intrusions from the wrong language. If implicit responses occur 
in the suppressed language, response-probabilities in the overt language 
will be altered, Two circumstances would increase the probability of such 
prior implicit responses: (1) greater fluency in the suppressed language; 
(2) greater commonality for the primary name in the suppressed language 
than in the overt language. The latter condition would occur if a color 
were near a category-boundary in the overt language but central to a cate- 
gory in the suppressed language, or if a single term were dominant in the 
suppressed langauge for a color-range named by several terms in the overt 
language. 

If an implicit response occurs in the suppressed language, it mediates 
a response in the overt language. When two responses have often been 
emitted in the presence of the same external stimulus, they acquire a chained 
relation to each other, in the sense that one later may elicit the other with- 
out the presence of the external stimulus. Synonym word-associations in 
monolinguals and translation-responses in bilinguals are examples. Experi- 
mentally, A-C, A-B training has been shown to produce C-B and B-C 
linkage.* The most probable terms in translation are not necessarily di- 
rectionally symmetrical, since one term in one language may refer to the 
range of several terms in the other.* 

It should be possible, knowing the tesponse-probabilities of names in 


the two languages, a speaker's relative fluency, and translation-probabilities, 
to predict semantic shifts in terms. 


METHOD 


Subjects. On the Navaho reservation, 28 monolinguals, 21 English-dominant bi- 
linguals, and 13 Navaho-dominant bilinguals were tested. Most of the Ss were 
women, with ages ranging between 17 and 70 yr. The English monolinguals tested 
were 41 San Quentin prisoners, chosen for their low education. The Navahos were 
screened for color-blindness after naming, by having them sort chips if deviant cate- 


*R. W. Brown and E. H. Lenneberg, A study in | cognition, J. 
abnorm. soc. Psychol., 49, 1954, 454-462" ë Beet mcrae: and cog 

EM: Kjeldergaard and D. L. Horton, An experimental analysis of associative 
factors in stimulus equivalence, response equivalence, and chaining paradigms. Studies 
in Verbal Behavior, University of Minnesota, No. 3, 1960, 21-36. 

*S. M. Ervin, Information transmission with code translation, J. abnorm. s00- 
Psychol., Suppl., 49, 1954, 185-192. 
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gories were used. The San Quentin prisoners were given the Ishihara test before 
folor-naming. 

Test of language dominance. Prior to the color-naming, the bilinguals were given 
a picture-test for relative speed of naming in the two languages, and those with 
"faster responses in Navaho were designated as Navaho-dominant. This test is de- 
“scribed in greater detail elsewhere. It has been validated by a correlation of 0.72 
with years of school, the chief source of training in English, and by its significant 
relation to items recalled in the two languages in a recall-test. The speed obtained 
in the experiment reported below, when colors were named, did not correlate with 
the other indicators of language-dominance. 

Stimulus-materials, A set of the Farnsworth Munsell 100 Hue test was prepared 
with acetate protectors for the color caps. These colors are designed to differ in hue 
but are the same in saturation and brightness. Distances are perceptually equal be- 
tween the hues. For testing purposes, every third chip was used. 

Procedure. The colors were presented in random order, but with no colors adja- 
cent in the hue-sequence in immediate sequence in testing. Ss were tested first in 
Navaho and later during the same day in English. They were told to talk as if they 
Were naming the color to a friend. 3 

Navaho instructions were tape-recorded. They were prepared by an experienced 
interpreter, and literally and freely back-translated before a final version was re- 
corded. An interpreter was present to answer questions. Both the name offered and 
the reaction-time were recorded. If no name was given in 30 sec, the chip was re- 
inserted into the series and presented later. 

Data-analysis. The reaction-times were converted into log. sec. and then the scores 
for each individual were standardized, to adjust for inter-individual differences. 
Names were tallied according to the head term in a construction. These were iden- 
tified in Navaho by suffixes and in English either by suffix or order. Thus blae- 
green was a green and greenish blue was a blue. Where a pause occurred, as in 
blue . . . green, only the first term was counted. No other mergers of terms were 
used. 

RESULTS 


(1) Monolingual. The key points of difference between the monolingual 


groups were first established as a basis for predicting points of semantic 
shift. The major differences between the two monolingual groups were as 


follows. , 
(a) Yellow. The yellow range is more difficult to name in English. The 


Navaho term Litso occurs over a wider range than yellow and reaches a 


much higher strength at it peak.’ Color 16 was the peak in both ene 
but 89% of the Navahos called it Litso, whereas 34% of the Anglos 


"Dean Farnsworth, The Farnsworth-Munsell 100 hue and dichotomous tests for 


color vision, J. opt. soc. Amer, 33, 1943, 568-576. j ) 
In am the Navaho words, the following poet ae eee 
L refers to a voiceless lateral spirant—a breathy, W ip By Roe tg 4 
glottal stop or glottalized release—the initial consonant it oe Ue aie 
consonant between the two syllables o the negative oa - = 
the final consonant of ‘rouge’; and acute accents reter to raised pitch. 
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it yellow. The color is more desaturated than a good yellow, and is called 
tan, beige, green, and brown. English monolinguals took longer to name 
Color 16 than any other color except 84. Their reaction-time was con- 
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Fic. 1. DIAGRAMMATICAL DISPLAY OF SEMANTIC SHIFT IN BILINGUALISM 
(A) Reaction-time in log. sec.; (B) Color names of 41 English 
monolinguals, (C) Color names of 28 Navaho monolinguals. 


siderably longer than that of the Navahos (p < 0.0001). On Color 16, 
implicit naming in Navaho would be predicted for bilinguals when speak- 
ing English, increasing the probability of yellow, 
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© (b) Yellow boundary. The boundary between yellow and green is nearer 
"green in Navaho than it is in English. For English monolinguals the transi- 
T tion is at Color 17; for Navaho, at Color 23. 
~ It may be expected that at Color 17 the Navaho term will intrude for 
bilnguals speaking English and at Color 25 the English response will in- 
trude at the Navaho sessions, Since the translation terms of Litso is less 
ambiguous than that for green, the impact of English intrusion at Color 
25 should be less than that of Navaho at Color 17. Responses to the in- 
termediate colors should be determined by the dominant language of the 
_ speaker, since these colors are near a boundary in both languages. Thus a 

Navaho-dominant speaker should more often have an implicit Navaho re- 
sponse when speaking English than an English-dominant speaker, and 

hence call the intermediate colors yellow. 
"The intrusion of green when bilinguals speak Navaho should cause 
"maximal interference farther into the yellow range for the English-dominant 
than for the Navaho-dominant bilinguals. The intrusion of Litso at the 

" English session should also have the effect of producing delay for the 
~ Navaho-dominant farther into the green range than for the English- 
_ dominant. In brief, the peak delay should be farther toward the green hues 
_ in the Navaho-dominant in both languages. 

(c) DotLgizh. One term in Navaho, dotLgizh, refers to the range of 
three in English: green, blue, and purple. Though modifiers and some 
distinctive terms occur in this range, making terminological distinction pos- 
sible, dotLgizh is the dominant term for the entire range from 25 to 67. 
In English, the term green reaches a peak in the area of Colors 31-34, 
| being used by 95% of the Navaho monolinguals. The corresponding 

Navaho term, tatLgid has a peak of 25% at Colors 34 and 37. ses rears 
between green and blue occurs between Colors 44 and 45; there is no su 

point of shift in Navaho, since the distinctive term for green is of such low 

frequency. Thus the Navaho who learns English must learn a new dis- 


crimination— ansition between green and blue. It would be expected 
ination—the transition g sre swore sable this disc ; 


English norm for the 


that the greater his knowledge of English, 
tion would be, and the closer it would come to the 
transition. : 
In Navaho, if green mediates his response, he ari ogan he ag 
| quency of its translation-terms, whatever these may be. ia E ike 
T be less likely to occur beyond Color 45, since blue would then m 


= f€sponse. ; 
© (d) Purple. The term purple has no corresponding a rei 
"The large domain of dotLgizh reaches a transition to Lic As ie 


| Color 69, in English the peak of the category of purple. Purp 
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on one side with 4/ve, with a transition between Colors 60 and 61, and on 
the other side with pink, with the transition at Color 79. 

When bilinguals speak Navaho, there should be no influence from 
Engish because mediation by purple has no unambiguous translational 
term. In English, however, the domain of purple should be reduced by the 
mediation of dotLgizh and Lichiig which have other, more probable, 
translational terms. This effect should be stronger in Navaho-dominant 
bilinguals, 

(e) Gray. Navahos translate Liba as gray. Liba occurred throughout the 
entire range of hues with low frequency, but was offered by 46% of the 
Navahos for Color 61. Gray was used rarely in English, its maximal fre- 
quency, 7%, occurring at Colors 64 and 67. If Liba mediates a response 
in English to Color 61, the frequency of gray should be increased in 
bilinguals speaking English, especially Navaho-dominant bilinguals. There 
would be no effect of English on Navaho, since Color 61 is at the blue- 
purple boundary. 


(2) Bilingual results. The results for bilinguals are presented separately 
for each of the differences reported. Reported probabilities are one-tailed. 

(a) Yellow, The proportion of Navaho bilinguals using yellow as a 
name for Color 16 was significantly greater (p < 0.0005 by X?) than the 
proportion of monolinguals naming the color yellow (p < 0.0005 by X*). 
The lack of competing vocabulary does not seem a suitable explanation, 
since the chief competing term in the English monolinguals was brown 
(32%), and this term was used elsewhere by 38% of the Navaho-domi- 
nant and 52% of the English-dominant bilinguals. 

(b) Yellow boundary. At Color 24, the prediction that green would 
mediate an increase in the probability of its translation-terms in Navaho 
was not borne out. At Color 18 however, Litso and yellow did predominate 
(see Table I). For Color 21, in Navaho, but not in English, there was 4 
significantly greater probability of using the terms for green (tatLgid and 
dotLqizh) for the English-dominant than for the Navaho-dominant 
bilinguals, (p < 0.03 by X2). If the transitional point from yellow to 
green was estimated for every S, however, the average transition was differ- 
ent in English, being nearer green for the Navaho-dominant bilinguals 
(p < 0.05 by the #-test). 

In further support of the different boundary for the two bilingual 
groups, in both languages the English-dominant bilinguals showed peak 
reaction-times farther toward the yellow direction than the Navaho-domi- 
nant bilinguals, In English this difference appeared in comparison of Colors 
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18 and 21, and in Navaho in Colors 21 and 24, (p < .05 by X*). 

(c) DotLgizh. In speaking English, the English-dominant bilinguals had 
more intra-individual and inter-individual agreement as to the b/ue-green 
boundary than the Navaho-dominant bilinguals. Five per cent of the 
former and 589% of the latter group showed overlap—that is, called a 
color green that was bluer than a color called blue. The most extreme case 
listed the colors from Nos, 24 to 70 as purple, purple, green, green, blue, 
green, green, green, green, blue, green, green, purple, green, and the rest 
purple. These were all hues which in Navaho could be called dotLgizh. 

If an hypothetical transition-point for each $ was calculated as the mid- 
point between the first blue and last green, the Navaho-dominant speakers 
had significantly greater variability, (p < 0.01). 

There was no evidence of an increase in occurrence of tatLgid or of 
modifiers of dotLgizh among the bilinguals when naming colors in the 


TABLE I 
COLOR NAMES AND RESPONSE-TIMES OF BILINGUALS 
Color 
Domi- Re- 15 18 21 4 
nance* sponse SSS ee a ie 
r o £ yr 6 SS res G s. 
2 +.12 


ee s 
i = 4 
English English 76% 0% —.12 62% 0% 08 48% HÆ- 1 
Se ee a M R R ce a 
Engiis! Navaho 9: . Ap ee) bs i 
Navaho Navaho 92% 0%  .00 69% 69% 18% NE S4% 76 
* Among the Ss, 21 were English dominant and 13 Navaho dominant. 


green range. One reason for this is that the younger Navahos do not seid 
the word zatLqid (p < 0.005 by the ż-test) ; though learning ee 
should increase the occurrence of the translation-term, perhaps the we 


initial strength of this term works against the effect." 


Among the Navaho-dominant bilinguals, there was significantly less 
variability in the use of translations of green than among the Navaho 
monolinguals, (p < 0.05). This finding suggests that if blue mediates a 


response, the probability of dotLgizh (a high-probability translation) is 
increased, but that if green mediates, either dotLgizh or tatLqid may be 


offered. 


*In a personal communication, Herbert Landar, who = on serge rg 
terms intensively, has pointed out a reason for the low ie iad © ee il ae 
word can be analyzed at tæ, ‘water,’ and -tLqid, flatus. me ee 
use the word tatLgid in polit 
the combined term is ‘moss, algae, ter 
acculturated Navahos would be more sensitive 
dominant would be least likely to use it. 


ation for this reason, tho 
5 TE water-scum,’ It is likely that the more 
about this, hence the English- 
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(d) Purple. If only the responses are counted which are either blue 
or purple, significantly more bilinguals call Color 63 blue than purple, 
(p < 0.0005 by X*). If violet, lavender, and purple be compared to red 
and pink as responses to Color 78, significantly more bilinguals chose the 
latter names (p < 0.03 by X*). Thus for bilinguals the category of purple 
and its variant names was more limited than in monolinguals. There was 
no evidence that the effect was significantly stronger in the Navaho-domi- 
nant bilinguals. 

(e) Gray. In the range of Colors 57 to 69, the term gray was not only 
used more often by bilinguals than by monolinguals, but significantly more 
eras than English-dominant used it at least once ( p < 0.05 

y X*). 


Discussion. Support for the treatment of bilingual naming in terms of 
implicit responses linked by translation to overt speech has been shown in 
, variety of situations, These situations can be stated in a more generalized 

orm. 

(1) In a domain where one language had a single high-probability name 
and the other had none, the high-probability term and its translation 
dominated in bilinguals in both languages (Case a). 

(2) Where the two languages differed in the boundary between two 
categories, both of which have translational terms, the bilingual’s dominant 
language determined his boundary in both languages (Case and a). 

( 3) Where a category in one language covered the domain of two cate- 

gories in the other language, the boundary-point in the latter language was 
variable and reflected the degree of learning of that language (Case ¢). 
; (4) A domain divided into two categories in one language was divided 
into three in the other, with the added category straddling the boundary in 
the two-category language; bilinguals reduced the size of the middle cate- 
gory when speaking the language with three categories (Case d). 

We began with the assumption that the vocabulary available in the two 
bilingual groups would be comparable and that the difference would be 
due to over-all fesponse-strength differences between Navaho and English 
in the two groups. This assumption was mistaken, There was evidence that 
English vocabulary becomes richer in color terms, with a significant relation 
between the language dominance score and the probability of using such 

terms as lavender and violet, (p < 0.005 by test), which have lower fre- 
quency in English than parple.™ 


E. L. Thorndike and Irving Lorge, A Teacher's Word Book of 30,000 Words, 
1944. Purple is rated 2 B, violet 3 A, lavender 8. Both violet i pecans were 
rare among the San Quentin prisoners. 
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In the native language of the bilinguals, the same differential appears, 
with the older Navahos having a richer color vocabulary. The age-differ- 
ence was significant with both satLgid and Liba, though a higher propor- 
tion of the bilinguals used the latter term. Some of the English-dominant, 
young, bilinguals who used these terms did so incorrectly, by monolingual 
standards, Thus one S used tatLgid for Color 18 and 63 but for nothing in 
between; therefore, the probabilities of terms as translations may not be 
exactly predictable from monolinguals because knowledge of the vocabulary 
may not be identical. 

It scems likely that processes similar to those found for colors would 
occur in semantic shifts in other domains of meaning, such as emotion- 
terms, It remains to be seen whether semantic shift in the case of referents 
forming discrete categories, rather than referents on a continuous dimen- 
sion, can be as simply explained. 

These findings do not imply that there is any difference in the color 
vision of bilingual and monolingual Ss at the time of immediate percep- 
tion, Lenneberg’s Zuni research showed no difference in Zuni and Anglo 
color-perception when there was simultaneous display of colors.* Both the 
arrangement of colors in order and tests of limens showed that acuity is not 
influenced by verbal categories. In conditions where verbal mediation may 
be expected to occur during performance, it is obvious, however, that 
bilinguals and monolinguals will differ. 


SUMMARY 


Semantic shift was examined in the color-naming of Navaho bilinguals, 
in comparison with two monolingual groups. It was found that the cate- 
gories for color used by the bilinguals differed systematically from the 
monolingual norms. The differences could be predicted on the basis of K 
assumption of verbal mediation by the response-term which is most ee 
Where the response-language is restricted, the mediating term sea! 
translated by the most probable term. The explanation accounted for four 
types of monolingual norm-conflict: a term of high probability i a 
referent in one language and not in the other; a difference in boun p 
between two similar categories; use of two categories in One language or 
the range of one category in the other; and the use of three categories 1n 
one language for the range of two in the other. 


"E, H. Lenneberg, Color naming, color recognition, color discrimination: & 


re-appraisal, (in press). 


THE SCALING OF PITCH BY THE METHOD OF 
MAGNITUDE-ESTIMATION 


By Jacos Beck and WILLIAM A, SHAW, University of Pennsylvania 


An important problem is the degree to which ratio-scales represent stable 
relationships which are not affected by biases.’ Stevens has argued that the 
direct estimations of sensory magnitude generally yield functions of ap- 
parent magnitude primarily determined by the functional input-output re- 
lations of the receptors,* but there is evidence that under some conditions 
response-biases and context-effects may strongly influence ratio-judgments.* 
The problem of the invariance of scale-values calls for further investigation. 
The purpose of the present study is to determine the effect upon the pitch- 
function of the frequency of the standard. 


We conjectured that the frequency of the standard might affect the pitch-function be- 
cause (1) the form of the pitch-function had been found to vary with the reference 
stimuli available, and (2) for reasons to be noted, it appeared that possible biases 
induced by musical relationships would differ for particular standard stimuli. Though 
neither consideration afforded the basis for an exact hypothesis about the shape of 
the pitch-function, both were in accord with the expectation that the function would 
be steeper with the standard set nearer the middle of the series than with a standard 
set at the lowest tone of the series. 

The original mel-scale was constructed by Stevens, Volkmann, and Newman by 
the method of fractionation.* This scale was later revised by Stevens and Volkmann, 
who suggested that the slope of the original function was steepened because of O's 
tendency to assume a zero-pitch that was too high® For the revised mel-scale, the 
availability of a tone of 40 c.p.s., to which O could listen as desired, lowered the 
fractionational judgments. The change which occurred in the shape of the pitch- 


* Received for prior publication December 24, 1960. This research was sup- 
ported by Grant Gi3942 from the National Science Foundation to the University 
of Pennsylvania, We are indebted to Professor Francis W. Irwin for his assistance 
on this paper. 

iW. S. Torgerson, Theory and Methods of Scaling, 1958, 421-424. 

Beit: Stevens, The psychophysics of sensory function, Amer. Scientist, 48, 1960, 

W. R. Garner, Context effects and the validity of loudness scales, J. ex? 
Psychol., 48, 1954, 218-224; Advantages of the disctiminability criterion for 4 
loudness scale, J. acoust. Soc. Amer., 30, 1958, 1005-1012; The development © 
context effects in half-loudness judgments, J. exp. Psychol, 58, 1959, 212-219; 
Torgerson, op. cit., 421-422. 

*S. S. Stevens, John Volkmann, and E. B. Newman, A scale for the measurement 
of the psychological magnitude of pitch, J. acoust. Soc. Amer., 8, 1937, 185-190. 

*§. S. Stevens and John Volkmann, The relation of pitch to frequency: A revise 
scale, this JOURNAL, 53, 1940, 329-353. 
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function may, however, be ascribed to the presence of a reference-tone below that 
of any of the tones which were judged, and not to O's altered conception of zero- 
| pitch. The two interpretations are tested in the present study, Significant also in this 
C connection is the finding of Stevens and Galanter that magnitude-estimations of pitch 
with no designated standard yields a function falling between the two mel-scales* 
A bias likely to assert itself in the scaling of pitch is one derived from musical 
relationships” When the standard is the lowest frequency presented, O might tend 
‘to map successive octaves above the standard onto successive equal numerical inter- 
of the same order of magnitude, yielding a roughly logarithmic function.’ 
i the standard tone is a frequency nearer the middle of the series, it is im- 
possible for O (since the estimates are bounded by zero) to represent tones in 
octaves below the standard by mapping successive lower octaves onto successive equal 
ical intervals which decrease and are of the same order of magnitude as the 
“Standard. In such a case, it seemed likely that O would tend to represent tones in 
‘octaves below the standard by numbers in a constant-ratio relationship. That is, a 
“tone one octave below the standard would be assigned a number about one-half that 
“assigned the standard; a tone two octaves below the standard would be assigned a 
number about one-quarter that assigned to the standard, and so forth. The expecta- 
tion was that O would generalize and map tones above the standard onto numbers 
bearing similar ratio-relationships, yielding a steeper function more similar to a 
power-function. 

In the present experiments, the pitch-function was studied under two 
conditions—when the standard was the lowest tone in a series and when 
the standard was a tone in the middle of the series. As a further check on 
the possibility that response-biases induced by the standard stimuli might 
be related to the musical relationships, the Os were presented (following 
the magnitude-estimations) with the same series of tones and required to 
assign numbers reflecting the octave-distance between each tone and the 


standard using a preassigned numbering system. In the first condition, the 
in successive octaves by adding 


à Os were instructed to represent pitches i 

successively the numerical value assigned to the standard; in the second 

condition, they were instructed to represent successive octaves above the 

_ standard by doubling, and successive octaves below the standard by halving. 
Similarity of the functions describing the magnitude-estimations and octave- 

relationships would not demonstrate the influence of the musical relation- 


ships, but similarity would be expected if magnitude-estimates of pitch 
| relationships and the numbering system 


described. 
5. S. Stevens and E. H. Galanter, Ratio-scales ei category-scales for a dozen 
perceptual continua, J. exp. Psychol, 54, 1957, 377 Pie = f 
A R M. Warren, k bis for judgments of sensory intensity, this JOURNAL, 7, 
1958, 675-687. 
Warren, op. cit., 686. 
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MeTHoD 


Observers. The total number of Os was 47. All were enrolled in elementary 
courses in psychology and served to meet course-requirements. The Os were summer 
school students who varied widely in age and background. Two experiments were 
conducted corresponding to the two different values at which the standard was set. 
Twenty-three Os served in Experiment I and 24 in Experiment II. Nine Os in Ex- 
periment I and 6 in Experiment II had served previously in a magnitude-estimation 
experiment. None of the remaining Os had served before in auditory experiments 

Apparatus and procedure. The two experiments were similar in plan. In each ex- 
periment, for each of the two different sets of instructions, 18 different frequencies 
were presented in a random order 5 times for a total of 180 presentations. The fre- 
quencies used were 131, 165, 196, 262, 330, 392, 440, 523, 659, 784, 880, 1047, 
1319, 1568, 2093, 2637, 3136, and 4186 c.p.s” The standard in Experiment I was 
the 131-c.p.s. tone and in Experiment II the 523-c.p.s. tone. The standard and com- 
parison tones were presented by means of a Grason-Stadler twin oscillator (type 
950-C) connected to an 8-in. permanent magnet-type loudspeaker. The sound pres- 
sure level (SPL) used was about 85 db. (re: 0.0002 dyne/cm.) at 6 ft. from the 
speaker. The oscillator and speaker were located on a desk and stool at the front of 
a 20 X 20-ft. classroom. 

Instructions. After being seated in the classroom, the Os were given sheets on 
which had been dittoed in alphabetical order (with A following Z) five columns 
of 18 letters each. They then were told (a) that the purpose of the experiment was 
to find out how different pitches sounded to them; (b) that they would be presented 
on each trial with a pair of tones, a standard followed by a comparison tone; (c) 
that the standard tone would be assigned the number 100, and that their task was 
to assign a number to the comparison tone reflecting its pitch relative to that of the 
standard; (d) that the presentation of a pair of tones would be signalled by calling 
out successively the letters in the columns on the dittoed sheets; and (e) that they 
should base their judgments of the relative pitches on the sounds of the tones. In 
Experiment I, the Os were told also that all the comparison pitches would be equal to 
or greater than that of the standard. In Experiment II, the Os were told that the 
comparison pitches would be either equal to, less than, or greater than the pitch of 
the standard. To insure understanding of the instructions, examples were worked out 
on the blackboard together with the Os in Experiment I showing the numbers to 
be recorded if the comparison pitches were judged to be 2, 3, 4, 8, or » times the 
pitch of the standard; in Experiment II, to these same examples were added exam- 
ples showing the numbers to be recorded if the comparison pitches were judged to 
be 4, 1⁄4, Ma 1%, or 1/n times the pitch of the standard. The Os were told further 
that the pitches presented were not necessarily simple ratios of the standard, and 
that, if they judged the pitch of the comparison to be ‘almost three’ or ‘between four 


and five’ times the pitch of the standard, the numbers they recorded were to reflect 
these judgments. 


Following the magnitude-estimations, 


: ; the Os were presented with the same series 
of pitches again and required to judge 


the octave-relationship between each pitch 


"These frequencies were chosen to Permit a comparison between the magnitude- 


estimations of pure tones and the tones of a piano, The data from the piano will 
be presented in a separate paper, 
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and the standard. Except for the instructions concerning the judgments to be made, 

the proceure was the same as that for the magnitude-estimations. In Experiment J, 
the Os were instructed to represent pitches in successive octaves by adding 100. 
Thus, if a pitch were judged to be one octave above the standard, the number 200 
would be recorded; if two octaves above the standard, the number 300 would be re- 
~ corded; and so forth. In Experiment II, the Os were instructed to represent pitches 
in successive octaves above the standard by multiplying by 2, and successive octaves 
below the standard by dividing by 1⁄4. If the comparison pitches were judged to be 
1, 2, 3, 4, or n octaves above the standard, the numbers 200, 400, 800, 1600 or 
100 X 2" should be recorded; if the comparison pitches were judged to be 1, 2, 3, 
4, or » octaves below the standard, the numbers 50, 25, 1244, 6% or 100 + 2" 
should be recorded. Examples were worked out on the blackboard until all Os un- 
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eOctave judgments 
—Revised mel scale (adjusted) 
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Fic, 1. MEDIAN MAGNITUDE-ESTIMATIONS AND 
OCTAVE-JUDGMENTS IN EXPERIMENT I 


The revised mel-scale also is shown, replotted with 
: the value for 131 c.p.s. equal to 100.) 


derstood the instructions. The Os were cautioned again that the comparison pitches 
did not necessarily stand in whole-octave relationships to the standard. No examples 
were given or questions answered concerning what was mean! n o 
were instructed simply to do the best they could. Following their judgments, Os 
answered a short questionary concerning their musical knowledge and training. 

To investigate the effects of the prior magnitude-estimation judgments upon 0c- 
tave-judgments, two control groups (N = 20 in each) were run in which Os made 
only octave-judgments. The instructions and procedure for one control group were 
the same as those for the octave-judgments of Experiment I and for the other con- 
trol group the same as those for the octave judgments of Experiment Il. 


RESULTS 
In Figs. 1 and 2 are presented the median magnitude-estimations ae 
judged octave-relations for Experiments I and Il, together with the orig 
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and revised mel-scales replotted with the values for 131 c.p.s. and 523 
c.p.s. set equal to 100. Two facts are clear: (1) there are marked differ- 
ences in the magnitude-estimation functions obtained in Experiments I and 
II accompanying the change of the standard stimulus from the lowest fre- 
quency presented to a frequency in the middle of the series; and (2) there 


© Magnitude estimation judgments 
* Octave judgments 
~ Revised mel scale(adjusted) 
~""Original mel scale(adjusted) 


100 1000 5000 
Frequency in CPS 


Fic. 2. MEDIAN MAGNITUDE-ESTIMATIONS AND 
OCTAVE-JUDGMENTS IN EXPERIMENT II 


(The original and revised mel-scales also are shown, replotted with 
the value at 523 c.p.s. equal to 100.) 


is a marked similarity in both experiments of the functions describing the 
magnitude-estimations and the octave-judgments. 

The differences in the shape of the functions of the magnitude-estima- 
tions obtained in Experiments I and II reflect the tendency of Os to repre- 
sent proportional increases of frequency by numerical differences which are 
more constant in Experiment I than in Experiment II. The magnitude-es- 
timations obtained in Experiment I conform to the revised me/-scale. In 
Experiment II, the magnitude-estimates yield a much steeper function fall- 
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ing closer to the original mel-scale. In Experiment I, the magnitude-es- 
timations above 500 c.p.s. tend to lie above the octave-judgments. For the 
10 non-identical values in Fig. 1, the magnitude-estimations are above the 
octave-judgments nine times (although sign-tests comparing magnitude- 
estimations and octave-judgments at individual frequencies do not yield 
statistical significance). In Experiment II, the magnitude-estimations above 
2000 c.p.s. fall below the octave-judgments, making the magnitude-estima- 
tions concave downward, (Sign-tests comparing magnitude-estimations and 
octave judgments at the two highest frequencies were significant beyond 


TABLE I 
INTERQUARTILE RANGES FOR THE MAGNITUDE- AND Octave-JUDGMENTS 
Experiment I Experiment IT 
Frequency 
Magnitude Octave Magnitude Octave 
131 100-100 100-100 10-25 6-25 
165 129-200 138-150 19-37 13-30 
196 148-200 140-200 25-45 25-43 
262 198-300 179-219 37-50 25-50 
330 190-300 198-350 45-70 50-75 
392 197-413 200-375 70-80 50-75 
440 238-400 200-325 75-85 50-80 
523 294-500 275-425 100-100 100-100 
659 279-525 274-400 128-200 148-205 
784 300-625 300-481 150-300 
880 286-513 323-481 168-338 178-375 
1047 300- 300-500 2 200-750 
1319 379-825 388-414 250-700 263-800 
1568 400-800 408-713 250-600 325-800 
2093 408-881 488-775 400-1200 
2637 510-992 545-900 390-900 — 
3136 529-1025 560-963 480-1000 See 
4186 500-1200 650-225 495-1000 850-3 


ow that magnitude-esti- 


the 5% error-rate per experiment.) The results sh 
: Pe ind induced by the stand- 


mates of pitch may be influenced by response-biases ced H 
ard stimuli. The change in the shape of the magnitude-estimation functions 
obtained in Experiments I and II, and the similarity of the magnitude- and 
octave-judgments within each experiment, are consistent with the view that 
magnitude-estimations were affected by the musical relationships, and that 
the response-biases induced by the standard stimuli affected judgments by 
the way the musical relationships were identified with numerical relation- 
ships, 
is important question is whether O's individual estimations ne magni- 
tude have the same shape as the functions graphed. Since only five ju e 
of a frequency were made by each O, the individual curves on ias 
sidered completely stable. The interquartile ranges presented in Ta a 
show, however, that the variability was considerable and suggest that 
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caution is required in generalizing from the sample-functions to the func- 
tions of individual Os. In Experiments I and II, it was possible to find 
Os who represented successive octaves by approximately constant numerical 
differences and by increasing numerical differences. The differences in the 
sample curves between Experiments I and II seems, therefore, to reflect the 
greater frequency of one kind of curve over another due to the response 
bias introduced by the placement of the standard stimulus. When the 
standard stimulus was 131 c.p.s., the Os tended to represent successive 
octaves by more constant values than when the standard stimulus was 523 
c.p.s. For example, in Experiment I, 8 Os represented the two lowest 
octave-intervals (131-262 c.p.s. and 262-523 c.p.s.) by a constant numeri- 


TABLE II 
MEDIAN MAGNITUDE- AND OCTAVE-JUDGMENTS FOR MUSICAL 
AND NON-MUSICAL SUBGROUPS 
Frequenc 
Exp. MN Subgroup Judg- ee 
ment 131 262/7523 1047 2093 4186 


I 10 Music Mag. 100 200 300 325 475 525 
I 8 Non-music Mag. 100 300 450 575 850 1200 
I 10 Music Oct. 100 200 300 400 550 700 
I 8 Non-music Oct. 100 200 450 500 925 1000 
II 9 Music Mag. 10 50 100 250 400 900 
II 7 Non-music Mag. 10 50 100 400 700 1000 
II 9 Music Oct. 13 50 100 200 800 1600 
I 7 Non-music Oct. 13 25 100 450 800 3000 


cal value, while only one O in Experiment II did. Furthermore, 6 Os in 
Experiment I represented three or more of the five octave-intervals oc- 
curring in both experiments by a constant value, and for only 3 Os were 
all five of the intervals represented by numerically different values; in Ex- 
periment II, only 3 Os represented three of the intervals by a constant 
value, and for 10 Os all five of the intervals were represented by numeri- 
cally different values. 

On the basis of the questionary, 10 Os in Experiment I and 9 Os in 
Experiment II were classified as ‘musical,’ 8 Os in Experiment I and 7 Os 
in Experiment II as ‘non-musical,’ and the remaining as ‘intermediate.’ 
‘Musical’ was defined as playing an instrument at least occasionally; ‘non- 
musical’ as not having had more than two years of musical instruction 
during grade school.” Table II shows the medians for the musical and 


S “In both Experiments I and II, five of the Os classified as musical played añ 
instrument regularly, and 6 of the Os classified as non-musical never took any 
musical instruction. 
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non-musical subgroups in Experiments I and II. To facilitate over-all com- 
parisons, Table II abridges the data, including only those frequencies 
which stood in whole-octave relationships to the standard stimuli. Inspec- 
tion of the table indicates that although the estimates of the musical group 
" (except for the octave-judgments in Experiment II) tended consistently 
"to be below the judgments of the non-musical group, both subgroups re- 
S fected the same similarities and differences with respect to the functions 
| describing the magnitude-estimations and octave-judgments in Experiments 
Tand II as found in the sample data. A separate analysis of the results of 
‘the Os who had previously made magnitude-estimates also exhibited the 
trends found in the sample data. 
© The median octave-judgments indicate that Os as a group identified 
‘Octave-relationships relatively acurately in Experiment I and to a less extent 
"in Experiment II. The medians for those frequencies which stood in whole- 
~ octave relationships to the standard were in Experiment I (where Os were 
instructed to represent tones in successive octaves by adding 100), 100, 
200, 300, 400, 650, and 810, and, in Experiment II (where Os were in- 
structed to represent tones in octaves above or below the standard by multi- 
plying or dividing by 2"), 13, 50, 100, 275, 650, and 1600. The octave- 
_ judgments made by the two control groups were similar to those obtained 
in Experiments I and II. The medians of the corresponding frequencies for 
_ the control group in Experiment I were 100, 275, 338, 475, 800, and 912, 
and, for the control group in Experiment II, 1214, 3814, 100, 300, 800, 
and 1800. 


y Mi 


DISCUSSION 

The results indicate the Os were sensitive to the res 
by the standard stimulus. When the standard stimulus was the lowest fre- 
quency presented, magnitude-estimations increased much more slowly than 
_ when the standard stimulus was a frequency at the middle of the series. 
~ Response-biases have their greatest influence on behavior in situations 
which are ambiguous or unstructured." This suggests that experiments in- 
volving magnitude-estimations of pitch present ambiguous situations. The 
high inter-observer variability would seem also to support this contention. 
How does this fit the various approaches to scaling? 
The view that magnitude-estimation judgments reflect a simple cor- 
“respondence between frequency and the sensation of pitch would seem to 


ponse-biases induced 


idi Measmt., 6, 
EL J. bach, Response sets and test validity, Educ. Psychol. Mi A 

1946, PRSE Gatust thous that experiments requiring balboa ers arse 
| present ambiguous situations, and that response-sets appear to operate in 


~ Of experiment (op. cit., J. exp. Psychol., 58, 1959, 218). 


250 BECK AND SHAW 


be inadequate, since the same stimuli in Experiments I and II aroused 
different relative judgments of their pitches. It seems likely that Os are 
unsure of what is twice or one-half the pitch of a given tone, but when 
required to make such judgments identify certain stimulus-relations with 
numerical relations, The results indicate that musical relationships, espe- 
cially the octave, may be identified with numerical relationships in making 
magnitude-estimations of pitch, Both Wever and Warren have, in fact, 
suggested that the tendency of cumulative-jnd and magnitude-scales of 
pitch to be linearly related does not reflect the subjective equality of 
jnds but simply reflects the use of the octave-relationships to measure the 
progression of pitch.!? The same suggestion can be applied to category- 
scales. It is necessary only to suppose that Os represent tones in neighbor- 
ing octaves by approximately equal intervals on a numerical scale or equal 
category differences on a category-scale to yield the approximately jugarith- 
mic functions empirically obtained. The large individual variations in the 
shape of the pitch-function indicate, however, that other factors also are 
involved in these estimates. In general, the results may be said to be con- 
sistent with the view that magnitude-estimations of pitch are the result of 
O's response to the demands of the situation and to the total context of 
stimuli presented, 

The close agreement between the magnitude-estimates in Experiment I 
and the revised mel-scale suggests that the shape of the function in both 
cases is determined by the presence of a reference-tone which is the lowest 
tone heard. In Experiment II, when the standard was set in the middle of 
the series, making the situation similar to the original mel-scale, the magni- 
tude-estimates were closer to the original mel-scale. Doubt is cast, therefore, 
on the view that the revised mel-scale reflects a change in O’s conception 
of zero-pitch, 

The frequencies employed in the experiments have definite musical rela- 
tionships to one another, Consequently, care must be taken in generalizing 
the results to sets of stimuli for which this is not the case. From the simi- 
larity of the results for musical and non-musical Os, as well as those of 
Experiment II and an experiment with dissonant tones,'* it appears that 
the response-biases are not to be traced entirely to musical relationships. 
The problem is being further investigated, 


z Warren, op. cit., 686. 
_’* An experiment was conducted in which individual Os made magnitude-estima- 
tions of 11 different tones so Presented that neighboring tones produced dissonances. 


The standard was, as in Experiment II, a frequency from the middle of the series, 
and was presented before each of 5 judgment-series, 


SCALING OF PITCH 251 


SUMMARY 


Two groups of Os were required to make direct numerical estimates of 
the magnitudes of pitches. For the first group, the standard was the lowest 
tone of the series, while for the second group the standard was a tone 
in the middle of the series. Following the magnitude-estimations, the 
Os were presented with the same series of tones and required to assign 
numbers reflecting the octave-relationships between each tone and the 
standard, according to a preassigned numbering system. The magnitude- 
estimations and octave-judgments within each experiment were similar, but 
the magnitude-estimations in experiments differed markedly. In Experi- 
ment I, the magnitude-estimations yielded a function similar to the revised 
mel-scale. In Experiment II, the magnitude-estimations yielded a much 
steeper function, closer to the original mel-scale. Individual magnitude- 
estimations in both experiments showed considerable variability, and cau- 
tion is required in generalizing from the sample function to individual 
functions, The results are consistent with the view that the musical rela- 
tionships influence magnitude-estimations, and that the pitch-function is 
the result of O’s response to the demands of the situation and to the total 
context of stimuli presented. 


SOME CHARACTERISTICS OF 'AMYGDALOID HYPERPHAGIA’ 
IN MONKEYS 


By J. S. ScHWARTZBAUM, University of Wisconsin 


Bilateral resections in the vicinity of the amygdaloid complex have been 
found to affect dietary activities. In both primates and carnivores, the 
amygdalectomized animals typically develop hyperphagia and, as a conse- 
quence, become obese.1 The higher rate of weight-gain may persist for a 
considerable period of time after the operation.? The animals are also less 
selective about what they will eat, consuming foods and other objects that 
are normally rejected.* Both sets of effects are expressions of a more com- 
plex disturbance, as described by Klüver and Bucy, in temporal lobec- 
tomized monkeys.‘ 

It is of some interest to determine whether the changes in dietary be- 
havior reflect a more general increase in hunger or drive for food. Such an 
effect would correspond in its consequences to an increase in deprivation 
of food. It would be reflected in a disposition not only to consume more 
food than would normal animals, but also to respond more vigorously to 
food. In the present experiment, the rate of performance of a response 
periodically reinforced with food was studied under different conditions of 
deprivation and satiation. 


EXPERIMENT I 


Subjects. The Ss were eight preadolescent rhesus monkeys. As detailed elsewhere, 
four of the Ss (AM 397, 405, 438, 442) had received bilateral resections of the 
amygdaloid complex and adjacent anteromedial temporal cortex, while the others 


* Received for publication February 11, 1960. This experiment was performed at 
the Institute of Living, Hartford, Connecticut, under a grant, No. M-546(C), from 
the UPS, Public Health Service, National Institutes of Mental Health. 

K. H. Pribram and Muriel shaw, Further analysis of the temporal lobe 
syndrome utilizing frontotemporal ablations, J. comp. Neurol., 99, 1953, 347-3755 
J. L. Fuller, H. E. Rosvold, and K., H. Pribram, The effect on affective and cogat- 
tive behavior in the dog of lesions of the pyriform-amygdala-hippocampal complex, 
J. comp. physiol. Psychol, 50, 1957, 89-96; J. D. Green, C. D. Clemente, and J. de 
Groot, Rhinencephalic lesions and behavior in cats, J. comp. Neurol., 108, 1957 
505-545; P. J. Morgane and A. J. Kosman, Alterations in feline behaviour following 
bilateral amygdalectomy, Nature, 180, 1957, 598-600. 

2 Morgane and Kosman, op. cit., 599. 

*Pribram and Bagshaw, op. cit, 355-359; Leon Schreiner and A. Kling, Be- 
havioral changes following rhinencephalic injury in the cat, J. Neurophysiol., 6, 
1953, 643-659. 

* Heinrich Klüver and P. C. Bucy, Preliminary analysis of functions of the 
temporal lobes in monkeys, Arch. neurol. Psychiat., 42, 1939, 979-1000. 
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(439, 441, 443, 447) had received an equivalent sham operation.* The body-weights 
ranged from 4.3 to 6.6 lb., with no significant difference between groups. 

Procedure. All tests were carried out in a sound-insulated Skinner box which is 
described in the report previously cited. $ had access in the test-chamber to a lever 
and a food cup. Reinforcements for bar-pressing were made available in accordance 
with a 2-min, ‘fixed-interval’ schedule. Each reinforcement consisted of a Y2 gm. lab 
food pellet (P. J. Noyes and Co.). The test-sessions were of 60-min. duration, 
spaced on alternate days so as to occur three times weekly; a two-day interval be- 
tween sessions overlapped the weekends, The Ss were maintained on a daily diet of 
8 to 10 Purina Lab Chow pellets and one quarter of an orange, supplemented by 
four unshelled peanuts on non-test days. They were fed from 2 to 3 hr. after each 
test and 24 hr. before the succeeding test. As a check on the maintenance-regimen, 
body-weights were measured before each session. 

The test-conditions described above furnished a behavioral base line for the varia- 
bles under study. Following the preliminary training, each $ received a total of nine 
such control-sessions preoperatively and, after a two-week recovery period, the same 
number of sessions postoperatively. Two Ss in each group received an additional 
month of tests with different amounts of reinforcement.’ Their control-levels were 
reéstablished before proceeding with the present experiment. This difference in ex- 
perience, which was equivalent for the two groups, did not seem to affect the results. 

In the experiment proper, the Ss were switched from a 24-hr. cycle of deprivation 
to one which alternated ad libitum feeding with prolonged deprivation of food. The 
Ss were tested after 70 hr. of ad libitum feeding, defining ‘satiation’-conditions, and 
after a corresponding period of food-deprivation. This meant that test-sessions were 
now spaced every third day. The satiation- and deprivation-conditions were alternated 
until five tests had been carried out under each of them, the sequence always begin- 
ning with the satiation. 

During the satiation-periods, which began one hour, after the preceding test, the 
food pans in the home cages were filled with fresh Purina Chow pellets and were 
replenished three times daily. The amount of food made available far exceeded the 
animals’ eating capacity. In addition, a point was made of presenting fresh chow at 
least one-half hour before each satiation-test. One hour after the satiation-tests, the 
pans and disposal trays were cleared of all food, and the Ss then deprived for 70 
hr. until the next test. It was not, however, possible to control for copraphagia, evi- 
dent in two of the amygdalectomized monkeys. 


Results. Fig. 1 plots the changes in performance following prolonged 
deprivation of food, using the three preceding control-sessions as a 
line; the values in the legend refer to the range of responses in the control- 
sessions, It is quite clear from these data that the amygdalectomized mon- 
keys were far less responsive than the normal monkeys to the deprivation, 
although they were by no means insensitive to it. The over-all group am 
ence, averaging across sessions, is significant by analysis of variance at wel 


properties of stimuli following 


5J, S, Schwartzbaum, Changes in reinforcing of areon 33: 


ablation of the amygdaloid complex in monkeys, J. comp. 
1960, 388-395. 
* Schwartzbaum, jbid., 390. 
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between groups and repeated test-sessions could not be verified statistically 
(F < 1 for 4 and 24 df.). All of the amygdalectomized monkeys showed 
an increase in bar-pressing, but it was not systematically related to the re- 
peated tests. 

These effects of the lesion were associated with differences in predepriva- 
tion body-weight as measured at the end of each ad libitum feeding. The 
amygdalectomized monkeys exceeded the normals in weight-gain during 
the initial ad libitum feeding period and, thereafter, maintained a higher 
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Fig. 1. MEAN PERCENTAGE-CHANGES FOLLOWING PROLONGED 
DEPRIVATION OF Foop 


level of body-weight both before and after deprivation. Average increases 
of 12% and 5% over control-levels were obtained respectively for the two 
groups after the ad libitum feedings (p < 0.05 by a two-tailed Mann- 
Whitney U test). This difference in weight-gain reflects the amount of 
food consumed and not the energy expended. There were no gross differ- 
ences between the groups in cage activity that could account for such find- 
ings. The results, in effect, provide evidence of hyperphagic tendencies in 
the amygdalectomized animals, 

Bar-pressing under satiation-conditions was not affected by the lesion. 
Both groups reduced their output by about 50% of control-levels, but vati- 
ability among individual Ss was high. 
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EXPERIMENT II 


In this experiment, the deprivation- and satiation-tests were separated 
from one another to control body-weights during predeprivation and to 
minimize possible interactions between the two conditions. 


Subjects. A new group of five amygdalectomized monkeys (AM 351, 352, 395, 
400, 541) and four normal monkeys (344, 390, 509, 502) were used. Each group 
included one cynomolgus monkey, together with rhesus monkeys. The performance 
of the two species was quite similar. The lesions, as reconstructed anatomically, 
were equivalent to those in the first experiment. The rhesus monkeys had ex- 
tensive experience with discriminative problems and with bar-pressing. Body-weights 
of the two groups, which were not distinguishable, ranged from 5.2 to 10.0 Ib. 

Procedure, Test-conditions were maintained as before, except that the sessions 
were run daily, 6 days a week. Control-levels of performance were established un- 
der approximately 21 hr. of food-deprivation. After 10 to 12 control-sessions, the 
Ss received two consecutive 70-hr. deprivation-tests with two-day intervals in the 
testing. Each deprivation-test was followed by a triple ration of food so as to main- 
tain body-weights at control-levels. 

A separate series of four satiation-tests was carried out after performance had been 
restabilized for 9 to 12 control-sessions. The Ss were allowed to eat ad libitum for 
four consecutive days, and were tested once each day. The initial test came 22 hr. 
after the start of feeding. The food pans were replenished with fresh chow pellets 
several times a day, including once before each session. An attempt was made to ob- 
tain additional information on responsiveness to prolonged deprivation immediately 
after the ad libitum feedings. Both groups, however, showed little change in bar- 
pressing with respect to presatiational control-levels. Presumably, the repeated satia- 
tion-tests were responsible for this suppression, since single satiation-tests, as shown 
in Experiment I, did not have such a marked effect. 


Results, Fig. 2 shows the intra-session patterns of performance of the 
two groups under control- and deprivation-conditions. It is clear from the 
changes in bar-pressing that amygdalectomized monkeys were again not as 
responsive as the normals to the increase in deprivation. An analysis was 
performed on the percentage-changes in total output. On the initial depriva- 
tion-test, the normal group increased its total output by 95%, in contrast 
to a 20% increase for the lesion group (¢ = 2.48 for 7 df.; p < 0.05). 
The same trend was evident on the second deprivation-test with increases 
of 68 and 20%, respectively, but variability among Ss was much greater 
and ¢ was not significant. 

The results depicted in Fig. 2 distinguish between the effects of the 
lesion and increased hunger as produced by extension of the deprivation- 
period. Examination of the control-data shows that the lesion acted pri- 
marily to stabilize operant activity, reducing the slope of the aang 
in performance. Thus, in agreement with previous findings,’ four out 0 


* Schwartzbaum, /bid., 391. 
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Fic. 2. MEAN NUMBER OF RESPONSES DURING SUCCESSIVE 30-MIN. PERIODS 
FOLLOWING PROLONGED DEPRIVATION OF Foop 
the five amygdalectomized Ss continued to make more responses percentage- 
wise in the last half of the control-tests with respect to the first half than 
did the normal Ss, Mean values of 93.8 and 67.8% were obtained respec- | 
tively for the two groups. The group-differences in bar-presses in the first 


NO. 447 


Fic. 3. CUMULATIVE RECORDS UNDER CONTROL CONDITIONS AND AFTER 
PROLONGED DEPRIVATION Of Foop 
half of the sessions were not significant statistically. Prolonged deprivation, 
on the other hand, increased sharply the initial or peak-rate of responding 
by each of the normal Ss. It was quite clear from the individual cumula- 
tive records of performance, as illustrated in Fig. 3, that this increase 0c 
curred within the 2-min. intervals between reinforcements, Hence, while 
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the lesion affected the persistence of responding, the increased hunger 
affected the peak-rate of responding. 

Bar-pressing activity after satiation, in agreement with the previous 
findings, was not altered by the lesion, Both groups reduced their output 
within the first session by approximately 689. These results are more con- 
clusive in the sense that the variability in performance among Ss was rela- 
tively low. Nevertheless, much of the bar-pressing did not seem to be 
motivated by the food as a ‘primary reward.’ About 60% of the pellets 
delivered were recovered after the test-sessions, with somewhat greater 
variability among the animals with lesions. The satiation-tests were the 
only ones in which this occurred. The groups again differed in weight-gain, 
an average increase of 15% being recorded for the amygdalectomized ani- 
mals and 10% for the normal animals (p < 0.05 by the /-test). Virtually 
all of this increase appeared within the first 24 hr. of ad libitum feeding, 
and, again, the difference may be taken as evidence of hyperphagia. 


Discussion 


The results indicate that amygalectomy does not increase hunger or 
the drive for food. First, an increase in hunger produced by deprivation 
influenced performance in a manner that differed from that of the lesion. 
Secondly, the brain-damaged animals were far less, instead of more, respon- 
sive than normal animals to prolonged deprivation of food. 

A substantial increase in hunger, incident to a change in deprivation, 
affected the peak-rate of response within the 2-min, intervals between 
reinforcements. It had no consistent effect upon the persistence of respond- 
ing within sessions in terms of the percentage-decrement in performance. 
Such changes are not specific to the conditions imposed. They vary sys: 
tematically over a wide range with the degree of deprivation.* Thus, it is 
fait to assume that an effect of the lesion upon hunger, commensurate to 
its hyperphagic consequences, would be expressed by an increase in peak- 
rate of response. k 

Amygdalectomy did not have this effect. Although the lesion attenu- 
ated the decrement in performance within sessions, it did not alter the 
peak-rate or, for that matter, the total output; however, the latter might be 
a function of the limited duration of test-session.° These negative findings 


j i. ; Harlow, 
5B, F. Skinner, The Behavior of Organisms, 1938, 341-405; H. F. A 
Primate eiei in C. P. Stone (ed.), Comparative Psychology, 3rd ed., 1951, 
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agree with pre- and postoperative comparisons of rate of performance for 
food, and with other operant data obtained several months after the sur- 
gery’ More persuasive, however, is the decreased responsiveness of 
amygdalectomized monkeys to prolonged deprivation, since an increase in 
hunger would imply exactly the opposite result. Indeed, the consistently 
lower level of performance with prolonged deprivation suggests that under 
some conditions amygdalectomized monkeys may have a /ower than normal 
drive for food. This effect was not likely due to some initially higher level 
of drive, since it occured after ad libitum feeding, as well as after restricted 
amounts of feeding. Nor can the effect be attributed to some form of 
debilitation or reduced level of activity. The control-data argue against this 
possibility, as do also the results of tests made on locomotor activity in 
amygdalectomized monkeys." 

There are two ways of interpreting the more persistent pattern of re- 
sponding by the amygdalectomized monkeys. First, it can be attributed to 
an impairment in satiety mechanisms specific to hunger. This assumes that 
the normal decrement in performance related to the reinforcing events 
in the situation, rather than to other consequences of bar-pressing. Con- 
sistent with this reasoning, increased amounts of reward, which enhance 
the decrement, have been found to accentuate the stabilizing effects of the 
lesion."* The amygdalectomized monkeys showed little change in perform- 
ance. Similarly, controlled amounts of prefeeding have less of a depressing 
effect upon the operant activity of amygdalectomized monkeys than of 
control monkeys.'* The animals with lesions are not, however, insensitive 
to deprivation-conditions, When allowed to approach a point of satiation, 
as after the ad libitum feedings, their output fell within normal bounds. 
They may simply require an excess amount of food to attain this state. 

j Secondly, the more sustained response may be symptomatic of a general 
disturbance in habituation-processes, extending to other classes of stimuli 
beside food. Thus, amygdalectomized animals are reported to be generally 
more responsive, as well as persistent in responding, to objects in their 
fixed-ratio schedules of reinforcement, J. comp. physiol, Psychol, 47, 1934, 114. 
116). Still sie proce ae eee “oe Sa tai ala oe oe 


within the fixed intervals, Neither the enhanced deprivati ion altered 
the temporal distributions. Total output Bee lesion alter 
confounds all of ie measures, aea oF performance obviously 
Lawrence Weiskrantz, Behavioral chan i i i 
i In ges associated with ablation of the 
amyernloig complex in monkeys, J. comp. physiol. Psychol., 49, 1956, 386; Schwartz- 
aum, Response to changes in reinforcing conditions of bar-pressing after ablation 
of the amygdaloid complex in Mn: Psychol. Rep., 6, 1960, 215-221. 
ae e oirein E A. Wilson, Jr, and Rolande Morrissette, Effects of 
in TERS y or activity in monkeys, J. comp. physiol. Psychol. 
Schwartzbaum, op. cit, J. comp. physiol. Psychol. 
: W kii . » Psychol, 391. 
“Weiskrantz, Behavioral changes associated with ablation of the amygdaloid 
complex in monkeys, Unpublished Doctoral dissertation, Harvard University, 1953- 
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environment, the so-called “hypermetamorphotic’’ effect described by Klü- 
Ver and Bucy.** They also show much less of a locomotor reaction-decre- 
ment with repeated tests in a novel situation.** These findings suggest a 
broader context for the present results. General factors of habituation are 
presumably involved in satiation, insofar as the satiation arises from re- 
peated exteroceptive sensory consequences of the food aside from post- 
ingestional consequences. 

Amygdaloid hyperphagia would, therefore, not appear to be associated 
with an increase in hunger-drive, but rather with some form of defect in 
Satiation or habituation specific or not specific to food-consumption. 
Whether or not such a defect is a sufficient condition of the hyperphagia 
cannot be stated. The evidence of hyperphagic tendencies in the amygdalec- 
tomized monkeys indicates that both sets of effects were at least present 
Concurrently.2° 

SUMMARY 

Two experiments were performed in an effort to determine whether the 
hyperphagic effects of amygdalectomy reflect an increase in drive for food. 
Groups of monkeys that had received either bilateral ablation of the 
amygdaloid complex or an equivalent sham operation were tested in a bar- 
Pressing situation under different conditions of deprivation and satiation. 
The bar-presses were reinforced with food in accordance with a fixed- 
interval schedule. 

The two major findings were, first, that amygdalectomy decreased re- 
sponsiveness to prolonged deprivation of food and, second, that it attenu- 
ated satiation-like decrements in performance within test-sessions. With 
prolonged ad libitum feeding, the amygdalectomized animals gave evi- 
dence of hyperphagia, but then performed normally for food. y 

It would appear that amygdaloid hyperphagia is not associated with an 
increase in drive for food, but rather with a defect in satiation or habitua- 


tion that is either specific or not specific to food stimuli. 
mE O O O E 

“ Pribram and Bagshaw, op. cit, 356; Klüver, and Bucy, op. cit., 987. 

* Schwartzbaum, Wilson, and Morrisette, op. cit, in press. 4 

“It may be noted that amygdaloid hyperphagia resembles in certain so 
hypothalamic hyperphagia. Both appear to involve disturbances in satiation in : x 
absence of any concomitant increase in drive for food, and, indeed, may be epen 
with a reduced level of drive (Philip Teitelbaum, Random and food-directed activity 
in hyperphagic and normal rats, J. comp. physiol. Psychol, 50, 1957, n i 
Philip Teitelbaum and B. A. Campbell, Ingestion patterns in hyperphagic = atten 
pats, J. comp. physiol. Psychol., 51, 1958, 135-141). The large anatomirs” PRISA gey 
Tom the amygdala to the ventromedial region of the hypothalamus ( at loko 
and M. Meyer, Hippocampal and hypothalamic connections of the se igor 
the monkey, Brain, 75, 1952, 358-384) further suggests a close epee ae 
tionship, But in view of the complexities of satiation, the apparent nah eae 
differences in the hyperphagia (Morgane and Kosman, op. cit. =) an = odd 
of any direct comparisons between the lesion-effects, any specific conclusions 


premature. 
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THE EFFECT OF MONAURAL AND BINAURAL TONES OF 
DIFFERENT INTENSITIES ON THE VISUAL 
PERCEPTION OF VERTICALITY 


By KENNETH A, CHANDLER, Yale University 


The present investigation is an outgrowth of studies concerned with the 
evisual perception of verticality by the author in collaboration with Werner 
"and Wapner.t These studies showed that consistent changes in what Ss 
consider vertical may be induced by monaural stimulation, Subsequent re- 
search showed also that the position of a luminescent rod in the dark 
accepted as vertical by Ss is also influenced by the initial position of the 
tod.* The effects of these variables and their interaction have been pre- 
sented by Werner and Wapner in support of assumptions basic to a 
“Wasensory-tonic” field theory of perception.* The purpose of this study is to 
examine the relation between variations in intensity of auditory stimulation 
and other factors affecting the perception of verticality. This would appear 
to be a logical step from the previous work in view of the emphasis placed 
by Werner and Wapner upon the summative interaction of these factors." 
This investigation deals with three levels of intensity of monaural and 
binaural stimuli and three different starting positions. In summary, the 
present study is concerned with (1) the effects of different intensities of 
monaural and binaural stimulation upon the perception of verticality, and 


* Received for publication August 20, 1959. This study was supported by a 
Faculty Research Grant from the University of Delaware. 4 hoe 

Seymour Wapner, Heinz Werner, and K. A. Chandler, Experiments on sensory- 
tonic field theory of perception: I. Effect of extraneous stimulation on the visual 
perception of verticality, J. exp. Psychol., 42, 1951, 341-345; Experiments on 
sensory-tonic field theory oi perception: II. Effect of Supported and unsupported tilt 
of the body on the visual perception of verticality, iba? 42, 1951, 346.350. . 

Werner and Wapner, Experiments on Sensory-tonic field theory of perception: 


Ags pa of initial position of a rod on apparent verticality, jbid., 43, 1952, 


* Werner and Wapner, Sensory-tonic field theo i l, 18 

z ty of perception. J. Personal., 18, 

8 ipa Toward a general theory of perception, oct Ke, 59, 1952, 

* Werner and Wapner, Interaction of factors in the visual perception of verticality, 

in 5) apaa A ra ae of ne rae Mechanisms APEP Percepiion Ben 

sonality Relationships, Progress Report No. 3; Nati i tal Health, 
United States Public Health Service, 1952-53. ee ete. Menta 

*The term “intensity” used in reference to auditory stimuli will be used 


interchangeably with the term “loudness.” Specifically, intensity is taken to mean 
sensation-level. 
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(2) a reéxamination of a method of prediction based upon the sum of 
factors influencing the visual perception of verticality. 
i £ percep! ty 


APPARATUS AND PROCEDURE 


Visual stimulus. All tests were carried out in a dark room. The task was the ad- 
justment of a luminescent rod which, pivoted at its center, could be rotated in the 
fronto-parallel plane until it appeared vertical. This luminescent rod, 40 in, long and 
1 in. wide, was 6.4 ft. directly in front of the $ and at eye-level. The deviation of 
_ the rod from true vertical was measured in degrees from a suitably mounted 8-in. 
protractor. The S sat erect throughout all trials. His head was held in position by 
an adjustable ‘cad-rest attached to the chair on which he sat. Earphones for pre- 
senting the auditory stimuli were embedded in the adjustable head-rest. To reduce 
cues for orientation, the $ was so seated that his feet did not touch the floor but 
tather were placed on a suitable foot-rest. 

Auditory stimuli. The tones employed were obtained by the use of two Hewlett 
Packard Model 200 B audio-oscillators. These were coupled to the earphones through 
two Hewlett Packard Model 350 A 500-ohm attenuators. The 800~ tones were pre- 
sented at two different loudness-levels of 80 db. and 90 db, above normal threshold. 
These leveis were selected in view of the fact that the lower level is judged as half as 
loud as the higher level.® The tones from both audio-oscillators were matched, through _ 
| absence of beats, for frequency. Voltage readings at the output terminals of the atten= 
© uators were 4.65 at O db. setting and 1.25 at 10 db. setting. Voltages at the ear- 
phones were 4.25 at 0 db. and 1.20 at 10 db. The earphones used were made by 
the Telephonic Corporation, Type TH 37, 300 Z. Onset of auditory stimulation was 
made gradually by reducing a series resistance to prevent startle, and preceded by 
5 sec. the start of S's performance. The tone remained on during the entire test-trial, 
which lasted about 30 sec. Appropriate switches enabled E to stimulate either ear 
Separately or simultaneously at the levels specified. 7 

Experimental design. Three different levels of monaural and binaural stimulation 
and five starting positions were studied. They were 0 db., 80 db., and 90 db. above 
normal threshold, and starting positions of 30° and 10° both counterclockwise and 
clockwise, and 0°. The conditions included asymmetrical as well as symmetrical bin- 
aural stimulation, e.g. 80-db. level to the left ear, and 90-db. level to the right ear. 
The order of presentation of the 45 conditions was randomized for each of 48 Ss. 
Each $ made two adjustments to the vertical under each of the experimental condi- 
tions. The data were analyzed as a factorial design with three axes of classification. 

Subjects and procedure. § had his eyes covered with goggles at all times, except 
when adjusting the luminescent rod to vertical. $ indicated to E the position of the 
tod and instructed E how to move the rod to make it look vertical. Ss were 24 men 
and 24 women selected randomly from a group of 120 college freshmen and soph- 
Omores except for those who had noticeable auditory defects upon audiometric exam- 
ination. Information as to the nature and purpose of the experiment was withheld 
~ until the entire group of Ss was tested. 


y 


“Harvey Fletcher and W. A. Munson, Relation between loudness and masking, 
I. acous. Soc. Amer, 9, 1937, 1-10; S. S. Stevens, The direct estimation of 
Sensory magnitudes—loudness, this JOURNAL, 69, 1956, 1-25. 
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Measures employed. The position in which the rod appeared to be vertical to S 
was measured in degrees of tilt from true vertical, and are so reported here. The 
measure used to represent each S's performance is the algebraic mean of the positions 
of the rod for the two trials of each test-condition. Positions clockwise of true ver- 
tical, as viewed by S, are designated by a plus (+) sign, and counterclockwise of 
true vertical by a minus (—) sign. Reliability of measurements is shown by the 
range of plus 0.87 to plus 0.96 for the uncorrected correlation coefficients between 
the first and second trials within each test condition. 


RESULTS 


An analysis of variance reveals that the differences in auditory stimula- 
tion and starting position, had a significant effect upon the perception of 
verticality. There were also significant interactions between these variables. 


TABLE I 
POSITION OF THE APPARENT VERTICAL PRODUCED BY AUDITORY STIMULATION 
OF THE Two EARS, AND DIFFERENCES BETWEEN MEANS 
FOR THE VARIOUS CONDITIONS 
For each condition the first number is the sensation-level to the left ear, and the 
second number the sensation-level to the right ear. A plus de 
Š viation is clockwise from the true vertical 
Stimulus-conditions 


0-90 0-80 80-90 90-0 s00 90-80 90-90 80-80 0-0 


Mean position +,06 +.24 +.29 +.84 -67 77 40 „50 EGE 
SD ie tee tists sy TA 4:8 Ti note 


E 0-90 - 18 Ast S50 G61 71 34 at BT 
E ian = 105 -0f at 154 6! 26" «25° 
&I00-0 = +55 238 48 11 21 20 
Hay = a7 ‘07 44t 3t 35t 
90-80 - 10 227° 7 +18, 
90-90 -37t ae +28 
10 +09 
580-80 ‘Ot 
an 


* A difference of 0.23 is significant at the 5% level of confide: 
+A difference of 0.30 i Sguifinnt oe ihe 1% level of confidence. 


The mean scores for each of the nine combinations of auditory stimulation 
are presented in Table I. Each mean is for 10 observations by each of 
48 Ss, Differences between these means and the significance of the differ- 
ences are indicated in the body of the table. These results are also presented 
diagrammatically in Fig. 1. 

From Table I and Fig. 1, it can be seen that monaural stimulation on the 
left and right side induce opposite shifts in the position of the apparent 
vertical, when compared to the control. Stimulation on the left induces 4 
shift of the apparent vertical to the right (clockwise) while stimulation on 
the right induces a shift to the left (counterclockwise). This also holds 
for those binaural conditions having a greater intensity of the stimulus 
to one side. The magnitude of the changes in the position of the apparent 
vertical induced by dichotic stimulation is commensurate with the differ- 
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Fic. 1. POSITION OF APPARENT VERTICAL UNDER DIFFERENT 
INTENSITIES OF MONAURAL AND BINAURAL STIMULATION 


ences in the loudness of the two tones. That is, a tone judged twice as loud 
as another induces a shift in the apparent vertical which is twice that in- 
duced by the less intense tone, This relationship is presented in Table Il. 

Such data suggest a linear relationship between intensity of auditory 
experience and the magnitude of shifts in the apparent vertical, The data 
presented here provide only a few points for examining this function, 
hence, further test of this conclusion is demanded. 

Binaural stimulation with equal intensities, i.e. 90 L-90 R and 80 L- 
80 R, does not induce changes in the position of the apparent vertical from 
the control condition, 0 L-0 R. In other words, symmetrically applied tones 
of equal intensities are equivalent in their effects to a control-condition 
with no experimentally produced auditory stimulation. 


TABLE II 


SHIFT OF THE POSITION OF THE APPARENT VERTICAL 
FOLLOWING MONAURAL STIMULATION 


(Tones compared which are in the relationship of 2 to 1 in loudness) 


r Stimulationțt 
£vel above normal threshold 
right ear leftieas 
was 43° CCW 35° CW 
90 dhs “25° CCW 18° CW 


* A one-tailed test of the differences between means for conditions of 90 db. and 


80 db, reveals significance at the 5% level of confidence. ; 
t CW and CCW are clockwise and counterclockwise respectively. 
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Dichotic stimulation using different intensities of tones produce shifts of 
the apparent vertical that are in keeping with the shifts reported above for 
monaural stimulation, That is, with the greater intensity to the right, 
80 L-90 R, there is a shift in the apparent vertical to the left of the con- 
trol, and the converse is also true. The magnitude of the changes induced 
in the apparent vertical under these conditions are roughly comparable with 
the changes produced by the weaker tones applied to one ear. The average 
value for the second line of Table II is 0.22 and for the dichotic conditions 
it is 0.24. The 80 L-90 R condition does not differ significantly from the 
0 L-80 R condition, nor does 90 L-80 R differ from 80 L-O R. 


It has been mentioned that the interaction between auditory stimulation and start- 
ing position is significant as tested by an analysis of variance. Table III presents the 


TABLE MI 
Tue MEAN POSITIONS OF THE APPARENT VERTICAL UNDER DIFFERENT 
CONDITIONS OF AUDITORY STIMULATION AND STARTING 
POSITIONS OF A VISUAL LINE 


(Numerical values of stimulation refer to sensation-level of 
tones to left and right ears respectively) 


Auditory stimulation (in db.) 


Ss -~ Mean 

O Ts wR o on o 
e $2.38 42.22 41.68 41.53 41.93 41.47 +1.22 +1.31 + .97 +163 
ada Hs So Fie tite FEA tr ti t7 t:i Fro 
cow, EE TB fa Foa Fu Hiu 2 t.s + 08 +28 
woCewt iz ta Fisa 0.0 — 112 =y o ia — 27 — -OF 
— 02 — 12 — 32 — 56 — 1.76 — S54 — 158 — .79 -1.18 — -54 

Mean +.B +. + 67 4.50 + 49 + 40 + 29 + .24 + .06 


mean values for each of the five starting positions combined with each of the nine 
auditory conditions. The results in this Table show that when the starting position 
of the visual stimulus is counterclockwise of true vertical, the position judged ver- 
tical is also counterclockwise of true vertical, and the converse also holds. In addi- 
tion, when the starting position of the top of the visual stimulus is on the opposite 
side from that of the monaural stimulation, the shift in the apparent vertical is 
greater than when the starting position and monaural stimulation are on the same 
side. This is the result to be expected from the results for each factor alone. The 
same relationship between these factors seems also to hold when starting position is 
combined with the case of dichotic stimulation. 

It was shown by Werner and Wapner that it is possible to predict the position 
of the apparent vertical under the effect of two variables from a knowledge of the 
effects of each variable alone.’ Their analysis did not, however, include differences 
in the intensity of auditory stimulation, although they imply that their method would 
be applicable to such conditions. It is evident from an inspection of Table III that, 
in spite of the significant interaction, the main variables account for most of the vati- 
ance. On the other hand, the corners of the table show more extreme values so that 
there is evident some curvilinearity in the effect. 


1 Werner and Wapner, op. cit., NIMH, 1952-53. 
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DISCUSSION 

It would appear from the results presented here that asymmetrically pre- 
= sented tones and asymmetric starting positions of the line to be judged do 
indeed produce consistent differences in the final position of a luminescent 
line which is accepted as vertical by Ss. Tones presented at equal intensity 
to the two cars do not induce changes in the apparent vertical that are dif- 
ferent from the control-condition with no tone. Moreover, it is shown 
that dichotic stimulation with different intensities presented to the two ears 
induces lesser shifts of the apparent vertical than do tones employing the 
more intense stimulation applied to one side alone. In general, the louder 
the tone the greater are the shifts in the position of what is perceived as 
Vertical, and, within the limits of this study, a tone which is judged to be 
twice as loud as another, induces twice the shift of that induced by the less 
intense tone. 

With knowledge of the effects of auditory factors and of the starting 
Position, the simplest assumption is that the effects of these variables add 
linearly. Some of the evidence presented here suggests, however, that the 
nature of this addition is curvilinear. While the evidence reveals a signifi- 
cant departure from linearity it is still generally true that these factors do 
Summate, but the function is more complex than that of a simple linear 
relationship. ; 

Such findings are in keeping with a sensory-tonic theory of perception 
that maintains that object perception reflects the equilibrial status of the 
Organism, and that changes in the equilibrial status of the organism are 
accompanied by changes in object perception. 


SUMMARY 

The present study was designed to investigate the effect of monaural 
and binaural auditory stimulation upon the visual perception of vertical- 
ity. Apparent verticality was determined while Ss were stimulated under 
nine different conditions of auditory stimulation and five different starting 
Positions of the visual object. Forty-eight Ss, 24 men and 24 women, were 
tested. The results are (a) that the apparent vertical was shifted away 
from the side of monaural stimulation and away from the side of greater 
intensity in dichotic stimulation; (b) that the magnitude of shifts in the 
apparent vertical are related in a direct fashion to the intensity of the 
auditory stimulus, and (c) that dichotic stimulation did not induce shifts in 
the apparent vertical different from those obtained with no tone, used as a 
Control-condition, These results are in general agreement with the notion 
that different types of stimuli are functionally equivalent and may interact 
_ in a summative fashion. 


SCALING THE ASSOCIATION BETWEEN 
COLORS AND MOOD-TONES 


By K. WARNER SCHAIE, University of Nebraska 


It is the purpose of the present study to investigate some semantic cor- 
relates of response to color. The approach to be taken will assess the 
strength of association between colors and mood-tones. The stability of 
such associations will be investigated both with respect to retest reliability 
within an experimental group and over different groups. An attempt will 
also be made to identify the dimensions underlying the system of associa- 
tions by an examination of a representative sample of colors and mood- 
tones. Such an approach, it is hoped, will provide information regarding 
the methodology required for normative studies of the semantic correlates 
of colors and incidentally may help to generate facts and hypotheses re- 
quired for a rationale for the use of the response to color as a tool for 
the study of personality. 

Fairly complete reviews of the literature on the relation of color and affect may 
be found in Pressey’ and Norman and Scott? Studies directly relevant to the present 
problems are primarily those by Odbert, Karwoski and Eckerson® and Wexner;* a 
study by Tannenbaum and Osgood is also pertinent’ Odbert eż al. found that certain 
colors were chosen more often to go with specific groups of words describing moods. 
A partially ‘forced’ method of choice, however, permitted differential emphasis on 
the various colors, and all moods were fitted to a color-circle (arranged according to 
wave-lengths) in terms of the authors’ judgments. 

Wexner also found relations between colors and mood-tones using more refined 
procedures. She prepared a list of 164 adjectives and had judges choose words which 
they felt to refer to mood-tones reported in the literature. Groups of words refer- 
ring to 11 mood-tones were selected. Eight colors were then presented to a group 


* Received for publication January 11, 1960. The author is grateful to the 
University Research Council of the University of Nebraska for finsncial assistance 
in carrying out this research, and to his colleagues Katherine E. Baker, Frank J- 
Dydd ing John ee for pei helpful criticism. 
. L. Pressey, The influence of colo iency, this 

JOURIAL, 32, 1991870386. r upon mental and motor efficiency, 

R. D. Norman and W. A. Scott, Color and affect: A review and semantic 
evaluation, J. gen. Psychol., 36, 1952, 185-223. 
x ati S. set bY F. Kawon and Be B. Eckerson, Studies in synthetic Sera 
ing: I. mu nd verbal associations of col A i s 205 
1942, 13373 a color and mood, J. gen. Psycho! 

L. B. Wexner, The degree to which colors (h i ith mood- 
tones, J. appl. Psychol. 38, 1954, 423-435. oe mi 


In C. E. Osgood, G. J. Suci and P. H. Tannenbaum, The Measurement of 
Meaning, 1957, 282-283. 
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ERE students, who were asked to’ select the color which seemed to go best with’ sach 


w 


same color may be associated with several mood-tones. Her method handles the latter 
Contingency, but does not permit S$ to indicate that more than one color is felt to be 
strongly associated with a given mood-tone. Her results also suggest that some colors 
“ate rarely or never associated with certain mood-tones, 

Osgood and Tannenbaum used the semantic differential to study color meaning. 
This study involved the attribution of the meaning of color in different objects. 
Significant differences were found to exist between colors for non-evaluative rating 
Variables while the interactions between colors and objects were found to be signifi- 
“cant for rating variables having evaluative properties. Factor analysis yielded signif- 
cant differences among colors on factors of activity, evaluation and potency, The 

ature of the measurements used, however, did not provide precise measures of the 
relative magnitudes of the relationships between color and meaning. 


PROCEDURE 
_ Å promising approach to the scaling of many psychological variables is the con- 
© stant-sum method.’ This method requires the judge to indicate the relative magnitude 
| Of two stimuli by dividing 100 points between them. The procedure generally used 
in the constant-sum method is patterned after the method of paired comparisons re- 
‘quiring a large number of indirect estimates and introducing different judgmental 
be _ biases depending on the dissimilarity of the stimuli to be compared. A clearer opet- 
_ ational meaning for the scaling operation is provided by a modified technique using 
the method of the constant stimulus.’ This modification has been used as the model 
for the present study. A 
= The mood-tones used in this experiment were taken from the above-mentioned 
_ study by Wexner Each of the 11 mood-tones was described by two or more adjec- 
tives as follows: exciting, stimulating; secure, comfortable; distressed, disturbed, 
© Upset; tender, soothing; protective, defending; despondent, dejected, unhappy, mel- 
ancholy; calm, peaceful, serene; dignified, stately; cheerful, jovial, joyful; defiant, 
© Contrary, hostile; and powerful, strong, masterful. To get some clue as to color- 
" Preference the mood-description of ‘pleasant’ was added. Ten colors: were used, 
= fepresenting the principal hues to which associations were found mentioned in the 
literature. Stoelting's colored papers were used; maximally saturated spectral as well 
_ 4S neutral colors were selected, They included: Red (Stoelting #1), Orange (#3), 
Yellow (#5), Green (#7), Blue (#13), Purple (#14), White (317), Black 

(#18), and Gray (#19). a ART: 
= Since Brown is frequently mentioned in the literature but is not available in the 
Stoelting series, a commercial paper was used for this hue.’ Pieces 2 X 2 in. square 
Milton Metfessel, A proposal for quantitative reporting of comparative judg: 
fente J; Poyéhol, 24, 1947, 229-235, See also As raca meth 
g abso. i i metrika, 15, y “Shoe x " 
SK E Baker and Fey, Budek, Scaling line-lengths with a modification of the 
pot sum method, this JOURNAL, 70, 1957, 81-86. 

exn . cit, -435, = 

3 B Approximate Mansel characteris of the papers are as follows: Red, 5 R 47/10; 
| Orange, 10 R 5/5; yellow, 7.5 Y 8/8; green, 5 GY 8/8; blue, 7.5 PB vis e, 
go PB 3/8; white, N 9.5; gray, 7.5 PB 6/2; black, N 2; brown 10 p 
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were mounted on neutral gray backgrounds and shown in pairs on a large screen 
by means of an opaque projector. Red was used as the constant stimulus and paired 
with each of the other nine hues. “A 

The mood-descriptions were presented in a test-booklet, all 12 moods being listed 
on a separate page for each of the 9 pairs of stimuli. The presentation of mood-tones 
was arranged in a random order which differed for each of the stimulus-pairs. Nine 
different page arrangements were also used to randomize the effect of a specific order 
of arrangement for a given stimulus-pair. The stimuli were presented in a standard- 
sequence following the color-spectrum and concluding with the neutral colors. 

Two groups of judges were used, viz. two sections of the course in experimental 
psychology. The first group consisted of 23 and the second of 21 judges. Twenty-five 
of the judges were men and 19 were women. The judges were instructed to divide 
100 points between the members of each pair of colors to indicate the relative degree 
of association with each of the mood-descriptions listed in the test-booklets. Prior 
to making the judgments the judges were informed of the implications of making 
various types of ratio-judgments by means of examples drawn from the judgment of 
line-lengths in terms of point-divisions. 


RESULTS 


The procedure for deriving scale-values for stimuli from point assign- 
ments has been described by Baker and Dudek.1° The points assigned to 
the red stimulus in comparison with all the other hues were totaled and 
the ratio of the sum of all possible points to the total for red was calcu- 
lated for each hue compared. These scale-values were then normalized to 
permit comparison between scales for the different mood-tones. Table I 
presents the normalized scale-values for the two groups of judges. The 
unit for the normalized scale-values is defined as unity divided by the 
Square root of the sum of the raw scale-values, 

Examination of Table I shows that the scale-values for those colors rated 
high or low with respect to any given mood-description appear to be well- 
replicated, while there are many exchanges in rank-order about the middle 
of each scale. Only 3 of the 12 scales show an exchange for the color be- 
ing scaled as most strongly associated from one sample to the next, and 
only in one of these 3 instances is there a shift other than among closely 
adjacent values. None of the shifts in scale-values between the two samples 
is significant at the 5% level of confidence (t-test of the difference be- 
tween mean point-assignments) . 

Table I also gives the correlation for the scale-values on each scale be- 
tween the two groups of judges. These range from 0.632 to 0.946 with 
an average of 0.816, suggesting not only fairly good scale-reliability, but 
also the presence of universal color-mood associates in the population. 


” Baker and Dudek, op. cit., 81-86. 
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These values may be contrasted with the intercorrelations among scales 
for each single group of raters shown in Table II, which for all color- 
mood combinations average 0.054 and 0.079 for the two groups of judges 
respectively. It appears, then, that the variance common to the two groups 
of raters for any given scale is much in excess of the average relation 
among a sample of scales originating from the same judges. 

Since the scales shown in Table I are ratio-scales (by definition of our 
scaling model) the assumptions for Pearson product-moment correlation 
are met, and intercorrelations can be computed among all the scales for 
both groups of judges. These correlations are shown in Table II, the cor- 
relations for Group I being above, and those for Group II below, the di- 
agonal. Another test of the hypothesis that the scale-structure for the two 
groups of judges is identical was made by means of an adaptation of the 
Kolmogorov-Smirnow test." The largest discrepancy fails to reach signifi- 
cance at the 1% level of confidence, and there is every reason to believe 
that differences in the magnitude of the intercorrelations are due to chance. 

Interpretation of the scale-values obtained in this experiment suggests 
that the mood ‘exciting, stimulating’ has its strongest association with yel- 
low and orange; ‘secure, comfortable’ with blue; ‘distressed, disturbed, up- 
set’ with black; ‘tender, soothing’ with blue; ‘protective, defending’ with 
ted; ‘despondent, dejected, melancholy, unhappy’ with gray and black; 
‘calm, peaceful, serene’ with blue, white, and gray; ‘dignified, stately’ with 
purple, black, and blue; ‘cheerful, jovial, joyful’ with yellow; ‘defiant, con- 
trary, hostile’ with black; and ‘powerful, strong, masterful’ with black. 

A descriptive schema ordering the mood-descriptions with respect to 
each color is summarized in Table III, These findings confirm in part the 
results reported by Wexner although transpositions occur, particularly 
where the colors added in the present study assume a significantly high of 
low scale-position, 

Reliability of scale-values. While there is good replication of scale-values 
from one sample of judges to the next, the question still remains as to how 
reliable our scales would be when scaling is repeated by the same judges- 
Such a repetition was carried out by the judges in Sample II after a 3-mo. 
interval, Scale-values obtained on the two occasions were correlated and 
Table IV lists the stability-coefficients for the repeated scaling. These were 
found to range from 0.78 for “protective, defending’ to 0.98 for ‘pleasant’ 
and ‘exciting, stimulating.’ 


Factorial structure of the system of color-mood scales. A centroid factor- 


a 


“K, W. Schaie, Tests of hypotheses about diff 7 yo interc rrela- 
tion matrices, J. exp. Educ., 26, 1958, 241-245. ene ween two intercorre 


Color 
Red 


Orange 


Yellow 


Green 


Blue 


Purple 


Brown 


White 


Gray 


Black 
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TABLE IM 


DESCRIPTIVE SCHEME FOR THE ASSOCIATION BETWEEN COLORS 
AND Moop-TONES 


Strong association 


protective, defending; powerful, strong, 
masterful; (exciting, stimulating) * 
exciting, stimulating 


exciting, stimulating; cheerful, jovial, 
joyful; pleasant 


pleasant; secure, comfortable; tender, 
soothing; (calm, peaceful, serene; ex- 
citing, stimulating) 

dignified, stately; (despondent, de- 
jected, melancholy, unhappy) 
(secure, comfortable) 


tender, soothing; (calm, peaceful, se- 
rene) 


despondent, dejected, melancholy, 
unhappy (calm, peaceful, serene) 


distressed, disturbed, upset; defiant, 
contrary, hostile; despondent, deject- 
ed, melancholy, unhappy; dignified, 
stately; powerful, strong, masterful 


Little or no association 
Calm, peaceful, serene; tender, sooth- 
ing 


calm, peaceful, serene; tender, sooth- 
ing; dignified, stately à 
dignified, stately; despondent, deject- 
ed, melancholy, unhappy; protecti 
defending; powerful, strong, deers 
dignified, stately; protective, defend- 
ing; powerful, strong, masterful; de- 
spondent, dejected, melancholy, un- 
pees disturbed, despond- 
dist , distur! upset; 

ent, dejected, melancholy, "unhappy; 
defiant, contrary, hostile 

ache, stimulating; cheerful, jovial, 
jo 

cheerful, jovial, joyful; defiant, con- 
trary, hostile; exciting, stimulating; 
powerful, strong, masterful; pleasant 
exciting, stimulating; despondent, de~ 
jected, melancholy, unhappy; defiant 
contrary, hostile; dis , disturbed, 
upset; powerful, strong, masterful 
exciting, stimulating; defiant, con- 
trary, hostile; powerful, strong, mas- 
terful; cheerful, jovial, joyful 
exciting, stimulating; secure 
fortable; tender, soothing; 
jovial, joyful; calm, peaceful, 


pleasant 


_ * Parentheses indicate moderate associations or mood-tones whose scalar order var- 
ied between the two groups of judges. 


TABLE IV 


STABILITY COEFFICIENTS FOR SCALE-VALUES FROM REPEATED 
RATING BY THE SAME JUDGES 


(N=20)* 


Exciting, stimulating 
Secure, comfortable 
Distressed, disturbed, upset 
Tender, soothing 
Protective, erties 
Despondent, dejected, melancho! 
Calm, peaceful, serene 
Dignified, stately 

Cheerful, jovial, joyful, 
Defiant, contrary, hostile 
Powerful, strong, masterful 


(12) Pleasant 


ly, unhappy 


* One of the original judges was unavailable for the repeat experiment. 
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analysis was next performed on the correlation-matrix for Group I, lead- 
ing to the extraction of six factors, four of which could be interpreted after 
appropriate orthogonal rotation. The second matrix was then factored and 
rotated to the structure suggested by the first matrix, resulting in essential 
replication, even though there were some minor differences. No direct 
comparison or exact test of significance seemed available, but the outcome 
of the test of the differences between the two correlation-matrices would 
tend to suggest that any differences between the samples in factor-loadings 
are predominantly a function of chance-variability. 

Factor I was identified as an activity-passivity factor. The cluster at the 
active extreme included the mood-tones: ‘exciting, stimulating’; ‘cheerful, 
jovial’; and ‘pleasant.’ At the passive extreme the mood-tones were: ‘dis- 
tressed, disturbed’; ‘despondent, dejected’; ‘calm, peaceful’; ‘dignified, 
stately.’ The second factor seemed to relate to the positive or negative 
quality of the emotional tone of the mood-state. At its positive end it in- 
cluded the descriptions: ‘calm, peaceful’; ‘secure, comfortable’; ‘tender, 
soothing’; ‘dignified, stately’; and ‘pleasant.’ The mood-tones having nega- 
tive qualities included: ‘distressed, disturbed’; ‘despondent, dejected’; and 
‘defiant, contrary.’ Factor III was identified as a factor of strength or 
power. It included the scales: ‘secure, comfortable’; ‘protective, defend- 
ing’; ‘dignified, stately’; defiant, contrary, hostile’; and ‘powerful, strong, 
masterful.’ Factor IV seemed to be concerned with emotional control or 
mastery of the situation with ‘protective, defending’ at the positive and 
‘despondent, dejected’ at the negative extreme." 

It should be stressed that the factors described above do not refer to 4 
clustering of mood-tones per se, but rather to the clustering of color-asso- 
ciations to mood-tones, To clarify this matter, scale-values were summed 
for each color over the scales having substantial loadings on each factor. 
Factor I (activity-passivity) is positively associated with yellow and nega- 
tively associated with black and purple and to a lesser extent with gray 
and brown. Factor II (quality of emotional tone) is positively associated 
with blue, somewhat positively with gray, white and yellow, and nega- 
tively associated with black. Factor III (mood-strength) is positively asso- 
ciated with black, blue, purple, and red and negatively associated with 
green and yellow. Factor IV (emotional control) is positively associated 
with black, somewhat positively with purple, and negatively associated 
with yellow and green. 


These findings invite comparison with Tannenbaum and Osgood’s 


13 Contributions of these factors to the common variance are approximatel as 
y a 
follows: Factor I, 26%; Factor II, 279%; Factor III, 21%; Factor IV, 4%. 
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data.1® Our activity-passivity factor seems to match their activity-factor. In 
both studies yellow appears at the active and purple at the passive end. The 
match is not as good for some of the other colors. Our factor involving 
‘quality of emotional tone’ would seem to correspond to Osgood's evalua- 
tive factor, Here there is a distinct discrepancy, since these authors report 
yellow to be at the positive extreme, while in the present study it was 
found to be at the negative end of the factor. The disagreement on the 
evaluative dimension may well be a function of the particular stimulus- 
objects selected for the study. Our factor of mood-strength could corre- 
spond to their potency-factor, for which ordering of colors in terms of 
saturation is reported, which seems to be supported by our findings. 


SUMMARY 


The association between 11 adjectival mood-descriptions as well as the 
term ‘pleasant’ with 10 colors was scaled by means of a variation of the 
constant-sum method using the constant-stimulus model. Scale-values were 
obtained for each color on each mood-tone from two groups of judges, one 
of which repeated judgments after a three-month interval. Scale-values 
show reasonably good replication from one group of raters to the other 
and for the same group over time. Low and high scale-values are well 
replicated but many changes of position occur for intermediate values. 
Some colors are found to be associated with several mood-tones and some 
mood-tones are associated with more than one color. 

Intercorrelations of scale-values between colors and mood-tones were 
factored and four factors were identified. These factors were interpreted 
as the dimensions of activity-passivity, quality of emotional tone, mood- 
strength and emotional control. 

Previous findings of associative relation 
as well as some of their semantic dimensions are confirmed. A method- 
ology producing reasonable stable scales is described. Findings of scalar 
consistencies as well as a wide range of individual differences suggest the 
desirability of future normative studies. 


s between colors and mood-tones 


* Tannenbaum and Osgood, op. cit., 282-283. 


EFFECTS OF PRESENTATION OF PAIRED AND SINGLE- 
STIMULUS ON DISCRIMINATION OF LENGTH 


By Lewis P. Lipstrr and TRYGG ENGEN, Brown University 


Comparisons of discriminative learning in human Ss under conditions of 
paired and single-stimulus presentation suggest that the simultancous pro- 
cedure results in faster learning than the successive. Method of stimulus- 
presentation is pertinent to the areas both of psychophysics and of discrim- 
inative learning. Psychophysics investigates the effect of stimulus-condi- 
tions upon discrimination. In turn, psychophysical data are basic to learn- 
ing-processes by which differential responses to stimulus-differences are 
acquired. 

Two experiments are reported here in which pairs of lines differing in 
length are presented both simultaneously and successively. They differ only 
in the nature of the response required; the first study merely requires dis- 
crimination, while the second requires the learning of differential responses. 
Presumably, any differences in accuracy of performance will have resulted 
from the different response-requirements. 


Tue PSYCHOPHYSICAL EXPERIMENT 
In the first experiment, a standard psychophysical method was employed. 


Method. White lines on a gray background were shown on a screen (by means of 
a 35-mm, projector) to several groups separately. The lines were presented accord- 
ing to the method of constant stimuli. The standard line was 66.0 mm., and the 10 
comparison-lines ranged from 49.5-82.5 mm. in 3.3-mm. steps. Each comparison-line 
was paired with the standard 10 times, and the pairs were presented in random 
sequences. 

Judgments were obtained from five groups (N = 14, 15, 16, 18, and 19) of stu- 
dents from elementary psychology. The Ss had no previous experience in such €x- 
periments. The stimulus-lines were presented to each group separately, The Ss in- 
dicated their judgments after the presentation of each stimulus-pair by marking 
prepared answer-sheets. 

Group P (paired presentation) was required to judge which of two lines on 4 
horizontal plane was the longer—the one on the left or the right. Groups Ss and Sz 


* Received for publication January 25, 1960. 


*M. T. Erickson and L, P. Lipsitt, Effects of delayed reward on simultaneous 


and successive discrimination learning in childr ; 

z en, J. comp. physiol, Psychol, 53» 
ae te clas ein Loess and C. P. Duncan, ios Gischeaination learning 
with simultaneous and successive presentation of stimuli, J. exp. Psychol., 44, 1952, 
215-221; M. J. Perkins, H. P. Banks, and A. D. Calvin, The effect of delay on 
simultaneous and successive discrimination in children, ibid., 48, 1954, 416-418. 
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PERCENT JUDGED LONGER 


485 S28 561 994 627 660 633 726 TS4 732 azs 


LENGTH IN MM. OF COMPARISON STIMULUS 
(STANDARD 18 66.0 MM.) 


| Fig. 1. Mean PERCENTAGE OF ‘LONGER’ JUDGMENTS AS A FUNCTION OF LENGTH 
sae OF THE 10 COMPARISON-STIMULI FOR EACH GROUP 


(single presentation) were shown the same line-lengths, each line being presented 
On a separate slide, and asked to judge whether the first or second line was longer. 
For Group Ss, the slides of each pair were projected with a 1-sec. interval 

© between them, while for Group Sz a 5-sec. interval was used. Time between trials 
(pairs) was the same for all groups, approximately 8 sec. 

© Results. Fig. 1 presents the psychophysical function obtained under the 

| three stimulus-conditions. The standard stimulus is indicated as 66.0 mm. 
-on the abscissa, and mean judgment of ‘longer than’ for each comparison- 

_ Stimulus is plotted on the ordinate. The slope of least steepness is that of 

Group S,,, indicating poorer discrimination under this condition. Groups be 

_ and Ss do not seem to be widely separated. 

| The DLs for each group estimated from these data by the normal 

graphic process are presented in Table I. This analysis suggests that paired 


TABLE I 
RESULTS OF THE PSYCHOPHYSICAL EXPERIMENT 
Groups 
3 Simultaneous Successive-short Successive-long 
DL (in mm.) 3.8 4.8 5.6 
Mean error 9.06 9.53 13.67 
oy 4.72 5.75 3.51 


Presentation provides somewhat finer discriminations than the single pres- 
€ntation, and that the longer interstimulus-interval in successive presente: 
on results in the poorest discrimination. The data are not, however, well 
_tepresented by straight lines, To evaluate the reliability of the differences 
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among groups, the mean number of judgmental errors for cach group, 
also presented in Table I, was computed. The difference between Group P 
and Group S; is significant at the 19% level (¢ = 3.03, df. = 31), and the 
difference between Groups Ss and S; is significant at the 5% level (¢ = 
2.11, df. = 32). The difference between Groups P and Ss does not ap- 
proach significance. These differences reflect the same rank order of dis- 
criminability as does Fig. 1. 

The results suggest that the ability to judge differences in length is 
rather more dependent upon the time-interval between stimulus-presenta- 


PERCENT ERRORS 


‘SIMULTANEOUS: 


BLOCKS OF 20 TRIALS 


Fic. 2. MEAN PERCENTAGE ERROR AS A FUNCTION OF LEARNING TRIALS FOR THE 
SIMULTANEOUS AND SUCCESSIVE GROUPS 


tions than on whether the stimuli are presented strictly simultaneously or 
singly, 
THE LEARNING EXPERIMENT 

The fact having been established that the difference between simultaneous 
and successive discrimination of live-length is negligible if the time-interval 
between successive presentations is small, the same stimuli were used in an 
experiment with two new groups, one comparable to Group P and another to 
Group Ss of the psychophysical experiment. Now, however, a discrimina- 
tive learning factor was introduced. 


Method. The general conditions of the second experiment were the same as those 
of the first. The Ss were instructed to indicate after each trial which of the two 
stimuli was ‘correct.’ Following the response, E informed the group which stimulus 
was in fact ‘correct’; namely, the longer of the two lines. 


Results, The learning-curves for the two groups are shown in Fig. 2. It 
appears that the paired group does relatively better than the single group 
and that the advantage of this condition is maintained throughout 100 
trials, Analysis of variance confirms these observations. The difference be- 
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tween mean number of errors for the two groups is significant at the 2.5% 
level (F = 5.74, df. = 1, 28), and no trials-groups interaction is found. 
A significant trials-effect significant at the 0.1% level (F = 5.72, df. = 4, 
112) indicates that both groups learned their respective discriminations. 


Discussion 

Since, in the psychophysical experiment, the simultaneous procedure 
yielded approximately the same number of judgmental errors as the succes- 
Sive, short-interval procedure, the difference between the simultaneous and 
Successive, short-interval groups which appeared in the learning-experiment 
cannot be traced to a strictly perceptual impairment. One possible inter- 
pretation of the difference is that, under learning-conditions, Ss have a 
greater opportunity to develop erroneous hypotheses or mediating re- 
Sponses concerning the correct response. Ss are more likely to develop such 
extraneous hypotheses under the simultaneous condition than the sucessive, 
Since twice as many slides or stimulus-settings are involved in this condi- 
tion. It was noted that Ss in the learning-experiment tended more under 
the simultancous condition than the successive to select irrelevant cues, 
such as slight imperfections in the shading or background of the slides. 
There would, of course, be no such problems in the psychophysical experi- 
ment, for the instructions directed attention to the pertinent cue. It may be 
Supposed that erroneous hypotheses would be most likely to occur in situa- 
tions, such as the present one, involving highly similar stimuli.? 


SUMMARY 
Two experiments were performed in which Ss were to determine which of 
two lines, presented either simultaneously or successively, was the longer. 
In the first, psychophysical experiment, Ss were simply instructed to select 
the longer of the two lines. In the second, learning-experiment, Ss were 
instructed to discover the correct stimulus of each pair; they were informed 
after each judgment as to which stimulus was in fact correct, but were not 
told that the relevant feature was length. In the psychophysical task, a 
simultaenous and a successive, short- interval (1-sec. interstimulus-interval ) 
group did not differ, but the simultaneous group was significantly superior 
to a successive, long-interval group (5 sec.). In the learning-experiment, 
the simultaneous and successive, short-interval groups differed significantly, 
indicating that the addition of a learning-requirement to a perceptual task 
results in differential impairment for simultaneous and successive groups, 

with successive being more greatly affected. 


*For relevant data at the level of the rat, see E. F. MacCaslin, Successive and 
Simultaneous discrimination as a function of stimulus-similarity, this JOURNAL, 67, 
1954, 308-314, 


THE RATE OF PECKING BY PIGEONS AS A FUNCTION OF 
AMOUNT AND FREQUENCY OF REINFORCEMENT 


By BERNARD Pyron and L. B. WYCKOFF, University of Wisconsin 


Behavior often occurs in a situation in which not all responses by an 
organism are reinforced, and the frequency of reinforcement can vaty 
widely. In addition, the amount of the reinforcing agent may vary. For 
example, an organism might receive 2 units of amount 40% of the time or 
4 units 20% of the time. In each of these cases, over a long period, the or- 
ganism receives the same total amount of reinforcement. An amount of 2 
units multiplied by a relative frequency of 0.4 yields an average gain of 0.8 
unit per trial and 4 units multiplied by a relative frequency of 0.2 yields 
the same average gain per trial, The total amount of reinforcement is es- 
sentially the same concept as the Expected Value (EV) of a bet, used by 
mathematicians to describe the product of the amount and relative fre- 
quency of reward in a gambling situation. 

By systematically varying frequencies and amounts of reward we can 
create combinations which have the same EV. We can, moreover, construct 
a situation in which an organism may choose between two or more com- 
binations of amounts and frequencies of reward. When EVs are equal, will 
the organism choose one frequency and amount combination as often as the 
other as predicted by the EV-model, or will he choose the combination pay- 
ing off with the greater frequency or with the greater amount? We can 
now directly compare frequency vs. amount of reward as determinants of 
choice behavior. 

Some experiments suggest that when the amount of reinforcement meas- 
ured in terms of the concentration of a desired substance is varied, rate of 
response will increase logarithmically with increases in concentration.’ 
Sheffield, among many others, found that 100% reinforcement yielded 
faster learning than 50% reinforcement.? Pyron, using human Ss, found 


= Received for publication June 18, 1959. 
K e r, Opreg pee extinction and periodic reinforcement 
i ation to concentration of sucrose used as reinforcing agent. J. exp. Psychots 
46, => ie Se, posi Paa onkaan ka. i a and glucose 
solutions compared with equal-sweetness values, J. 2 iol. ychol., ATs 
1954, 358-361. she, eee paysia: Przeto 

V. F. Sheffield, Extinction as a function of partial reinforcement and distribution 
of practice, J. exp. Psychol., 39, 1949, 511-526. 
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that rate of response was a linear function of the frequency of reward and 
that amount of reward (poker chips) was of little importance.* 


The present experiment was designed to vary both the amount and fre- 
quency while holding EV constant. 


Method. Two EVs were used (1.2 and 2.4). Four frequencies of reward were 
used, 10%, 20%, 40%, and 80%. The amount was varied by the use of three 
lengths of time the Ss were allowed to eat during each reinforcement. These periods 
were 3 sec., 6 sec., and 12 sec. 

Apparatus. A Skinner-box suitable for training pigeons was equipped with two 
colored lights placed behind glass disks 1.5 in. in diameter. The two lights were 


TABLE I 
MEAN RATIO-SCORES FOR ALL Ss 
Frequency of reinforcement 
Amount of 

reinforcement 10% 20% 40% 80% 
3 sec. — o 2.24 2.93 

6 sec. — 1.60 2.20 = 

12 sec. .95 1.46 a a? 


3.0 in. apart. Each disk served as a key and was so connected to counters that the 
number of responses to each light was recorded separately. A manually operated 
food chamber was located below the two lights. hate 

Subjects, Four pigeons were used as Ss. Every bird was run under six different 
conditions. Two birds were run in four replications of each of the six conditions 
and two in only two replications of each of the six conditions. Thus, there were 12 
replications of each of the six conditions. 7 

Design and procedure. To provide a baseline for rate of responding and to cor- 
rect for variations in rate of pecking from day to day, a standard condition was al- 
ways compared with one of the six variable conditions. The standard condition re- 
quired a response to one light (either red or green) and the variable a response to 
the other. Both lights were on at the same time. The standard condition throughout 
the experiment was one reinforcement in 10 trials with the food chamber open for 
3 sec, 

The six variable conditions included three combinations having an EV of 1.2 sec. 


of reinforcement per trial. The relative frequencies and amounts were as ee 
10% of the trials with the food available for 12 sec, 20% and 6 sec, and 40% 
and 12 sec, 


and 3 sec. The three combinations having an EV of 2.4 were 20% Apes 
40% and 6 sec., and 80% and 3 sec. The six combinations of frequency and am 


are shown in Table I. 
i discrimination based on the lights alone, 
e Nght ws aaa be A rE E ; k of 120 trials, and, for the 


one light was used for the variable condition for a blodi 


"Bernard Pyron, An attempt to establish empirical indifference curves. Unpub- 


lished M. S. thesis, University of Wisconsin, 1958. 
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next block of 120 trials, the other light represented the variable condition. When 
all six variable conditions had been run for an S, a different order of these condi- 
tions was substituted for the next replication. 

A trial consisted of 30 sec. during which the lights were on and the Ss responded, 
followed by 15 sec. during which the lights were off. If the schedule called for a 
reinforcement, it followed the first response to the appropriate key during the last 
10 sec. that the lights were on. In this way it was possible to obtain a measure of 
rate of responding on each key for every trial. Time required for eating was re- 
stricted to the interval in which responses were not recorded. This procedure re- 
sulted in an average rate of response to the variable during a block of 10 trials of 
204.7 pecks. Thus, with rare exceptions, the Ss received the prescribed number of 
reinforcements in 10 trials. 


RESULTS 


The data were analyzed only for the last 100 trials in a block of 120 
trials. The first 20 trials were considered a transitional period. The mean 
number of pecks for 10 trials was computed for both the standard and the 
variable. A ratio-score was obtained for each block of 10 trials by dividing 
the number of responses to the standard into the number of responses to 
the variable. The mean of the ratio-scores was then obtained for each 100 
trials of a variable condition. 

The mean ratio-score for each of the six variable conditions is reported 
in Table I. For each EV an increase in relative frequency results in an in- 
crease in the mean ratio-score, The same results are shown in Fig. 1 in 
which the scores are plotted as a function of log, of the number of rein- 
forcements in 10 trials. The score is almost a linear function of the loga- 
rithm of the frequency. In contrast, as can be seen from Table I, the 
amount of reinforcement as we measured it had little effect on the ratio- 
scores, An increase from 6 to 12 sec. in the time the food was available 
resulted, for 20% reinforcement, in a slight drop in the mean score. The 
same is true for 40% reinforcement, Statistically, the difference between 
the mean scores of the two EVs is not significant. 


An analysis of variance, including orthogonal polynomials was performed on 
the three conditions of each EV. For the EV of 1.2, the difference between the scores 
for the three levels of reinforcement (10%, 20%, and 40%) was significant at the 
1% level. The linear term was also significant at the 1% level. For the EV of 2.4, 
the difference between the scores for the three levels of reinforcement was not sig- 
nificant nor did the linear term reach significance. This was obviously due to greater 
variability in these conditions. For both EVs the quadratic term was almost zero. 

Since only 4 Ss were used, the differences between them may be of interest. In 
general, the same linear relationship between relative frequency of reward and scores 
holds for all Ss. The mean ratio-score for each $ in all of the six conditions was 
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E computed. An analysis of variance was performed including individual Ss as a varia- 
ble. The Ss were not significantly different. 
DISCUSSION 
This experiment suggests that the rate of pecking by a pigeon is not 
significantly influenced by the length of time the food-chamber is open. 
l 3.00 
> 2.75 @—e EV-i2 
2.50 O—oO EV-2.4 
2.25 
= 2.00 
o 
© 175 
2 
- Z so 
o 
z 1.25 
f 
= 1.00 
75 
50 
o 1 2 3 


LOG, OF NUMBER OF REINFORCEMENTS IN TEN TRIALS 


Fic. 1. MEAN RATE OF PECKING 


The ratio is shown as a function of the logarithm of the 
number of reinforcements for EVs of 1.2 and 2.4. 


Other investigators have found that increases in amount of reinforcement 
did not lead to increases in behavioral measures such as speed of running 
or rate of responding. Kling, for example, varied amount of reinforce- 
ment in two ways, by varying the time S was in the goal-box where food 
was obtainable and by varying the size of the drinking tube.* He measured 
speed of running in a straight alley after rats had been deprived of water 
for 20 hr. Neither the size of drinking tube nor duration influenced run- 
ning speed. The most rapid running occurred in the group receiving the 
least water for the shortest duration. 


SUMMARY 


Both the relative frequency of reward and the length of time the reward- 
ing food chamber was open were varied independently in an experiment us- 


“J. W. Kling, Speed of running as a function of goal-box behavior, J. comp: 
bhysiol. Psychol., 49, 1956, 474-476. 
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ing the rate of pecking as an operant response. Applying the concept of Ex- 
pected Value (EV), we compared directly frequency vs. amount of re- 
ward as determinants of choice behavior. Pigeons were run in a Skinner- 
box in which choices were made between a light that paid off with a con- 
stant amount and frequency of reward and another light that paid off with 
one of six variable combinations of relative frequency and amount. 

It was found that the rate of pecking was a linear function of the log- 
arithm of the number of reinforcements in 10 trials, and that the dura- 
tion of the reward had little effect on the rate. Thus, the choice behavior of 
our Ss deviated from that predicted by the objective EV model. 


RETROACTIVE INHIBITION IN INCIDENTAL LEARNING 
By SHELDON ROSENBERG, The Training School, Vineland, New Jersey 


Studies by Gleitman and Kamrin, Postman and Adams, and Prentice 
strongly suggest that retroactive inhibition (RI) not only occurs for ma- 
terials which Ss are specifically instructed to learn, but for incidentally 
learned items as well.1 These studies are similar in that they all used cs- 
sentially the same type of procedure for creating conditions of incidental 
learning. Two groups of Ss are exposed to the same set of stimulus-ma- 
terials, of which one group is instructed to learn while the other is not. The 
procedure for orienting incidental Ss to the learning materials can never 
be an instruction to learn in this design. 

Although this is a common procedure in research on incidental learn- 
ing, an alternative method has been employed in which all Ss are presented 
simultaneously with two different classes of materials, instructed to learn 
only one of them, but later tested for retention of both.? Although this 
Procedure does not easily permit the direct comparison of intentional and 
incidental learning of the same material, it is useful in studying the effects 
of various independent variables upon both varieties of learning, and rep- 
resents an important everyday instance of incidental learning. Bruner has 
referred to this phenomenon by the term, “breadth of learning,’”® and in 
animal experimentation it is somewhat similar to the variety of latent 
learning known as “irrelevant-incentive learning.”* The present experiment 
is a study of RI in incidental learning using this alternative procedure, to 
determine the generality of results obtained with the traditional design. 


— ected while 
* Received for publication, November 20, 1959. These data were collected w 
the author was Ba the faculty of Jeffersonville Center, Indiana evi 

toce of Mr. Robert Detamore, and of the teas of the Jeffersonville Hi 
“hool in obtaining Ss, is gratefully acknowledged. Cheer ey T 
. * Henry Gletaian and’ Robest’ Kamin, Proactive and retroactive T 
intentional and incidental learning, Psychol. Rep., 3, 1957, 155-160; rol a 
and P, A. Adams, Studies in incidental learning: II. Interserial bition Sd 
I; exp. Psychol, 51, 1956, 323-328; W. C. H. Prentice, Retroactive inhibition 
the motivation of learning, this JOURNAL, 56, 1943, 283-292. iti J. exp. 
*H. P. Bahrick, Incidental learning under two incentive Cot T 
Piyehol, 47, 1954, 170-172; Sheldon Rosenberg, Exposure interval in inci 
ing, Psychol. Rep., 5, 1959, 675. čamin, i 
td . S. Bruner, Jean Matter, and M. “i Papanek, Breadth afa RAEES 
of drive level and mechanization, Psychol. Rev., 62, 1955, 1-10. i- 
‘Donald Thistlethwaite, A critical review of latent learning and related experi: 
ments, Psychol. Bull., 48, 1951; 97-129. 
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METHOD 


Subjects. The Ss were college freshmen and senior high-school students in courses 
in introductory psychology. There were an Experimental Group and a Control Group 
of 20 Ss each. The Ss were assigned to the two conditions as they appeared for the 
experiment according to a schedule devised from a table of random numbers. 

Materials. Materials used in original learning (OL) consisted of a series of 12 
names of common objects (List A), e.g. radio, dish, arrow, etc., each of which was 
accompanied by a different two-digit number, The numbers were designated as inci- 
dental items. In an attempt to maximize retroactive inhibition (RI), materials used 
in interpolated learning (IL) (List B) also consisted of a series of 12 names of 
common objects. No incidental items, however, accompanied the words of List B. 

Every item was printed in black ink in the center of a 4 X 5-in. white card. In- 
dividual letters and numbers were approximately 34-in. high and Y%4-in. wide. The 
incidental numbers in List A appeared directly to the left of the word. 

The cards were exposed manually by E in unison with the click of a metronome. 
An exposure-interval of 2 sec. was used. The order of presentation of Lists A and 
B was the same on all trials for all Ss. The cards were exposed one after another 
with no intervening blank intervals. 

Original learning. The Ss were tested individually in a quiet room. List A was 
presented to all Ss for three trials, and performance after Trial 3 was taken as the 
measure of the degree of OL. Instructions for initial learning, which took 15 sec. to 
present, were to try to remember as many of the words as possible without regard 
for order, No mention was made of the incidental numbers. The Ss did not pro- 
nounce the words during the exposure-trials. The interval between each presenta- 
tion of List A and the recall test was 7 sec., during which S was given a sheet of 
blank paper and instructed to write down, in any order, as many of the words as 
he could remember. Guessing was urged, and S's score was the total number of 
correct words recalled. The time-limit for recall was 2 min. Trials 2 and 3 were pre- 
sented 6 sec, after completion of the recall-test for the previous trial. During the 
6-sec. interval the initial learning instructions were briefly repeated. The Ss were 
BINGA nS indication during OL of the fact that they would later be tested again for 
retention of List A. 

Interpolated learning. Interpolated learning (IL) was begun 15 sec. after the last 
test of OL. This interval was used to present learning instructions similar to the 
initial instructions of OL. Unlike List A, however, List B contained no incidental 
items. The procedure for IL, with respect to sequence and timing, followed ex- 
e Se OL. Following OL, the Control Group was given a simple puzzle to 
work on for a period of 7 min. Work on the puzzle was preceded by 30 sec. of in- 
struction and followed by 30 sec. of discussion of the solution, The total length of 
the rest-interval for the Control Group, then, was 8 min. The length of the rest- 
interval was determined in preliminary research which revealed that with 27 sec 
required for presentation of the learning instructions, 72 sec. for three presentations 
of List B, 21 sec. for free recall instructions, and 6 min. for three recall-tests, the 
total time required for IL would be 8 min. 

Recall. Thirty sec. after the end of IL, both groups were given a 2-min, written 
test of free recall for the words in List A, which was followed 40 sec. later by 4 
test of recognition for the 12 two-digit incidental numbers. The intervals of 30 and 
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40 sec. were used for the presentation of the appropriate instructions. The test of 
recognition consisted of a matrix of 36 two-digit numbers ranging from 11 to 46, 
which contained in random order the 12 incidental items. The 36 numbers were 
arranged in numerical order in two columns of 18 each. Every $ was given a copy 
of the matrix and instructed to circle the numbers that had accompanied the words 
of List A. All Ss were required to make 12 choices even if they were not equally 
certain of each choice. No time-limit was set for this test. 

At the end of the experiment, all Ss were told that they had performed well. An 
informal inquiry revealed that none of the Ss had attempted to learn the incidental 
numbers, or had been aware that they would later be tested again for retention of 
List A. 

RESULTS 


The results are summarized in Table I. The difference between the means 
of the Experimental and Control Groups in OL was not significant (¢ = 


TABLE I 
MEAN Scores: LEARNING AND RETENTION 
Intentional items Incidental items 
Group OL Recall Recognition 
M SD M SD M SD 
Experimental 9.85 1.50 4.25 2.97 2.60 1.63 
Control 10.15 1.53 9.20 1,94 4.55 1.31 


0.63, p > 0.05), że. there was no significant difference in the amount of 
intentional learning. Table I also shows that recall of List A following IL 
Was poorer in the Experimental Group than in the Control Group. The 
variances for the Experimental Group (8.83) and the Control Group 
(3.75) were not homogeneous (F = 2.35, p < 0.05). To evaluate the 
mean differences, a normal-approximation sum-of-ranks test corrected for 
continuity and tied ranks was used.® The value of z for this comparison 
was 4.41 (p < 0.001). Retention for the intentionally learned List A was 
significantly poorer under the experimental condition than the control con- 
dition. This finding represents, of course, the expected RI effect. 

A further test was made to determine whether each of the two groups 
showed a significant loss in retention for the intentionally learned items of 
List A. Table I indicates that both groups showed a retention loss for List 
A, but that the difference for the Experimental Group is greater. For the 
Experimental Group the ¢ for correlated measures was 12.29 (p < 0.001) 
and for the Control Group, 3.56 (p < 0.001). 


tA. L. Edwards, Statistical Methods for the Behavioral Sciences, 1954, 420. 
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It will be noted that the present design does not provide OL-scores fe 
the incidental items. Only scores of retention are possible. Table I rev 
that the Control Group surpassed the Experimental Group in the recogni 
tion of incidental items. The value of ¢ in this instance was 4.15 (Pp < 
0.001). Retention of the incidental items clearly was significantly c 
under the control condition. Thus, RI effects in incidental learning hav 
been demonstrated in the present design. : 


SUMMARY 

This study investigated retroactive inhibition for incidentally le; 
materials. An experimental design was used which differed from that 
in previous studies, Two groups of Ss were given three trials of "teni 
learning on a list of names of common objects. Each word was 
panied by a different two-digit number (incidental items). Following 
one group received a three-trial presentation of another series of names 
common objects, while the other worked on a simple puzzle for the ler 
of time required for IL. The interpolated words were not accompanied | 
incidental items. Subsequently, both groups were tested for retention | 
the intentionally learned words and the incidental numbers. The res 
indicate that the interfering effects of IL extend to both intentionally 4 
incidentally learned materials, even when the interpolated materials d 
from the incidental items, and in addition, contain no incidental materia 
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APPARATUS FOR CONDITIONING AND MEASURING 
THE ACTIVITY OF RATS 


By Frep L. Royer, CLINTON C. Brown, and WILLIAM Love, 
VA Hospital, Perry Point, Maryland 


The activity wheel has for many years been used extensively as a re- 
search instrument to investigate a wide variety of problems in nutrition, 
drive-level, and reactivity to stress. To meet the special needs of a study 
undertaken by the senior author, a modification was made of the activity 
wheel which provides both a measure of total activity and of rate of 


EHE 


Fic. 1. A DRAWING OF THE MODIFIED INSTRUMENT AND 
THE RECORDING MILLIAMMETER. 


running. The resultant instrument greatly increases the amount of informa- 

tion about activity over standard counts made from the mechanically ac- 

tivated counter summed over a period of time. rs 
The modified instrument is shown in Fig. 1. The Wahmann Activity 
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Cage is the basic unit. Its axle was geared in a 1:2 ratio to a linear DC 
tachometer-generator (Model J-36, Eastern Air Devices, Inc., Brooklyn, 
N.Y.) which generates exactly 2 VDC/100 RPM. This output current is 


Fic. 2. EXCERPTS oF RECORDS oF A M. : 
ALE RAT OVER A 4-DAY PERIOD COVERING 
THE PERIOD OF 1:30 TO 7:30 A.M. DAILY. THE PERIODICITY OF THE ANIMAL'S 
Major Activiry May BE OBSERVED. 


divided by a 2.5K ohm series potentiometer which acts as a sensitivity con- 
trol and the output is recorded on an Esterline-Angus 21/-0-2¥% MA 
Recorder without amplification. 

To calibrate, a VTYM is placed across the output of the generator and 
the wheel is spun until the desired voltage is indicated. The sensitivity 
control is then adjusted to produce the desired deflection of the recording 
milliammeter. On the records reproduced in Fig. 2, 3, 4, 5, each division 
equals 5 RPM. 

Typical information yielded by the apparatus. Since the tachometet- 
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generator produces a DC voltage, the direction of its spin will give either 
_ 4 positive or negative voltage and preferences of the rat for running in 
© One direction or another can be determined. This is shown clearly in Fig. 

2,3, and 4. 


Fic. 3. EXCERPTS FROM THE ACTiviTy RECORDS OF A MALE RAT oye Ae 
PERIOD SHOWING THE GRADUAL INCREASE IN PEAK RATES OF RU s 


Activity patterns over a long period of time can be directly observed 
= and correlated with any desired variables such as noise level, temperate; 
humidity, feeding, etc. If the absolute number of revolutions is also de- 
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sired on the record, a simple counter can be devised from a single-point 
cam mounted on the axle so as to actuate a microswitch. This actuates 
a stepping relay wired to an event marker so that after the desired number of 
revolutions and steps the marker will record a “pip” on the record. 


Ey Fic, 4. EXCERPTS FROM RECORDS oF ACTIVITY OF A FEMALE RAT. 
e low-rate activity over long periods of time is in contrast to the more frequent 
high-rate for short time periods of other rats. 


The periodicity of spontaneous activity may be determined from the 
records. In Fig. 2 the activity of one rate from 1:30 to 7:30 A.M. for 
four consecutive days is presented. The animal had food ad Jib. and was 
in a small sound-shielded enclosure. The lights were on for 24 hours a 
day on July 15, 16, and 18; they were off for 24 hours on July 17. 

Changes in the pattern of running may be observed by this apparatus. 
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Fic. 5. EXCERPTS FROM THE ACTIVITY RECORDS OF Two RATS. 
These records were made with a fast paper speed 50 that each longitudinal mark 
represents 15 seconds. Note the oscillation, marked by an arrow, which is produced 
by the animal “rocking” the wheel. 
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A gradual increase in peak-rates of running may be observed in Fig. 3. 
The series of records shown were selected from a five day period under con- 
ditions similar to those mentioned above, except that the lights were on con- 
tinuously. The excerpt from the record of July 24 indicates a maximal peak- 
rate of 40 RPM; of July 25, 85 RPM; and on July 26 the peak-rate reaches 
125 RPM. The high rate was maintained. 

Fig. 4 emphasizes individual differences in running rates. The two 
samples from a three day period show a consistent long-time, slow-rate 


Fic. 6. Circurr DIAGRAM OF THE ELECTRONIC SWITCH USED FOR beh A 
WHEN THE RATE OF RUNNING EQUALS OR EXCEEDS A SPECIFIED i 


activity pattern which differs from the usual pattern of short bursts of high- 
rate activity. f Š 
Additional information may be obtained about running behavior during 
short time intervals by increasing the chart speed. In Fig. 5 the paper 
speed is sixty times as fast as in the previous records, Że., every pine 
division on these represents 15 sec. instead of 15 min, The sinusoidal 
waves crossing the zero-line, marked with an arrow, are produced by rock- 
ing; że., the animal comes to an abrupt stop and rocks in the wheel. : 
Modification for conditioning procedures. An electronic switch, Fig. 
6, can be added to the output of the tachometer-generator. This switch 
keys a relay which controls the presentation of a stimulus. Thus, Sea 
the animal’s running equals or exceeds a specified rate, the switch will - 


> 


i 
4 
£a 
re 
Cas Fig. 7. BLOCK DIAGRAM OF THE CIRCUIT. 
= & either initiate or discontinue a stimulus. When appropriate relays, 
ters, and timers are added to the above, various reinforcements can 


ac contingent upon the animal's running behavior. See the block dia 
Fr ig. 7. 


b 


CONTINUOUS DIRECT MEASUREMENT OF 
APPARENT SKIN CONDUCTANCE 


By Davin T. LYKKEN, University of Minnesota, and NORMAN Rom, 
Medtronic Company, Minneapolis, Minnesota 


The choice of a unit in which to express the galvanic skin reponi 
(GSR) or the slower ‘tidal’ changes of the static skin-resistance has been 
a matter of considerable debate. Since the psychologist is interested in elec: 
trodermal changes merely as indicants of some (as yet unspecifiable) cen- 
tral excitatory process, the problem is to find a unit which will vary linearly 
with the amplitude of this central event. It now seems clear that the volar 
(palmar) GSR results from bioelectric changes attendant upon the excita 
tion of the eccritic sweat glands.* Darrow has shown that the apparent 
electrical conductance of the skin is a linear function of the rate of secre- 
tion of the sweat glands.” Except under conditions of extreme sweating, 
however, the rate of secretion in a given area is a function of the propor- 
tion of glands in that area which are active at the time.” A reasonable in- 
ference as to the sequence of events might be as follows: a central exci 
tatory process produces increased excitation in the region of the electrode 
thus activating a larger proportion of sweat glands. Every gland activated 
serves as an additional path of low resistance through the high resistance, 


to the magnitude of the originating central process. Many recent investi- 
gators using the GSR as a dependent variable have employed change in 
apparent conductance as their unit of measure. The technique 

used for electrodermal measurement, however, is to pass à re; con- 


‘Contraction of the myoepithelial lining of the secretary tubules may also be 
implicared io’ the COR. U Ebhecke, Arbeitsweise der Schweissdrisen und site 
motorische Reflexe bei unmittelbarer Beobachtung mit Lupenvergrisserung, 
ges. Physiol., 253, 1951, 333-350. n P, z 
"C W. Retell he E of the GSR in the light of its relation to 
quantitative measures of perspiration, Psychol. Bull, 31, 1934, 697-698. a 
W. C. Randall, Sweat gland activity and changing patterns of sweat secretion 
the skin surface, Amer. J. Physiol., 147, 1946, 391-398. kas been well 
That the activated gland does provide a low resistance Hee 
TETA although the mechanism is less clear; cf. Y. Kuno, Humar owe 
12. d 
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stant current through the skin and then to record the variations of the vol- 
tage drop across the skin; by Ohm's Law, these voltage fluctuations give a 
linear measure of changes in apparent skin resistance (SR). To convert 
such records into conductance units, one must divide each change in resist- 
ance (GSR) by the product of the SR at the instant of the start of that 
GSR times the SR at the peak of that GSR deflection. This is a laborious 
procedure at best. At worst, it introduces considerable error of measure- 
ment, since the error in conductance units will tend to exceed the error of 
measurement of SR or of GSR, whichever is larger. With typical elec- 
trodes,® the resistance GSR may average about 1% of the SR, so that a 
(good) measurement accuracey of 1% in SR may yield 100% error in re- 
sistance GSR as measured from the same record and, hence, extremely large 
errors in the calculated values of change in conductance. Recording of SR 
and GSR on two separate channels is a possible but expensive solution. 
Automatic range-changing devices are another alternative but are notori- 
ously prone to go into action right in the middle of a response, causing a 
loss of valuable data. In either case, the labor of converting to conductance 
units is still formidable. 

A more promising instrumental approach is to apply, instead of a con- 
stant current, a constant external voltage to the skin and then to measure 
the changes in current which, again by Ohm's Law, will now provide a 
linear record of skin conductance directly. (It is true that Ohm's Law does 
not necessarily apply to the skin, which behaves like a normal conductor 
in parallel with an electrolytic cell, It can be shown, however, that apparent 
conductance does in fact vary directly with current for constant applied 
voltages in the range which would be used for measurement, i.e, that 
Ohm's Law does apply at least within this range.)® This principle has been 
employed several times in the past for measuring static skin conductance 
by the simple expedient of attaching a battery and low resistance galvanom- 
eter in series with S, Unfortunately, this simple apparatus is not easily 
adapted to the making of permanent recordings of the faster and shallower 
conductance GSR's. We have therefore designed a more complex but more 
versatile instrument for this purpose. 


Apparatus. With the device described here, a constant potential of 10, 1.0, 0-1, 
or 0.01 v. is impressed across S, that range being chosen which, for the given S, will 
pass a current of less than 10 pamp. A transistor amplifier which has an input im- 
pedance of about 100 Q is in series with $ and amplifies this varying current enough 
to drive a panel meter and an external recording milliameter. Because current 


*D. T. Lykken, Properties of electrode: i A ment, 
Į. comp. physiol. Psychol, 52, 1959, ORA AT ee riire] ieas ins 
ê Lykken, op. cit., 632. 


$ NINS HHL 40 ADNVISNANOD IVLLOTTA š 


APPARATUS 
+ 
E 
i ni 
iee p 
| “> 
e 
da : 
Ja i 
d ie 
i i 1 
| Mutiny 
i 


Fic. 2. DETAILED CIRCUIT OF DIFFERENTIAL AMPLIFIER SECTION 
` (Three of these required) 

All transistors are 2n359; J = —30 v.; K= +30 v.; all resistances 
are in ohms; and all resistors are within 1% tolerance. 


ièv REFERENCE 
NI» CAL 

BATTERY (2) oF 
= (Sii: į + 

haor ma N; ev SUBJECT 


? ; Fic. 3. Power SUPPLY 
(Nickel-cadmium storage batteries and a trickle-charging circuit) 
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through S is held below 10 pamp., electrode polarization effects are minimized, Use 
of such low current-levels with constant-current circuits is normally objectionable 
due to the artifacts which may be introduced by changes in skin potential; e.g. at 5 
amp., a potential GSR of $ mv. will appear as a spurious change of 1000 2 of 
apparent skin-resistance. The extremely low input impedance of the present circuit 
effectively eliminates the endogenous skin potentials by shunting them, making it 
possible to use low current levels without producing artifacts of this kind. 

An identical reference amplifier has at its input a reference conductance or ‘dummy 
S$’ whose conductance is adjustable from zero to 1000 pomhos in increments of 0.1 
pomhos. By setting this reference conductance to a value about equal to S's static 
conductance, the residual difference between the outputs of the two amplifiers can 
then be fed to a third amplifier which then expands the small GSR fluctuations by 
a factor of 1, 2, 5, 10, 20, 50, or 100. The output of this scale-expanding amplifier 
operates a second panel meter and can also be fed to a second channel of an ex- 
ternal recording milliameter, Thus, for example, using the 0-10 pomho range setting 
(1 v. across $), a resistance of 200,000 9 will give a half-scale reading on the SC 
meter and a change from this resistance of 4000 2 (0.1 micromhos) will give full- 
scale deflection of the GSR meter at maximal (x 100) expansion. 

The instrument was designed to operate with a Sanborn #150 pc amplifier and 
recording milliameter and gives an output for full-scale meter deflection of 0.5 v. 
on both channels. It can be used either with a two-channel recorder or, by inter- 
posing an electronic switch (e.g. the Sanborn “Triplexer’), both the static SC and 
the GSR records can be written on a single channel. Or, an adequate one-channel 
record can be obtained by using a manual switch on the panel which alternately 
connects the static SC or the GSR output to the recorder. In this arrangement, one 
merely takes a reading of static SC as often as needed. Since the GSR output is 
recording conductance directly, it is not necessary to measure the static level at the 
onset of every GSR as one must do when recording resistance for later conversion 
to conductance units. 

Circuit. The circuit of the instrument is shown in Fig. 1. Low-pass filters are pro- 
vided at both input and output to eliminate 60~ noise, Tuneable high frequency 
filters are included to act against the interference of TV signal which can be a 
nuisance in some locations. The three amplifiers are identical, each being highly 
stable and compensated for temperature variations. They have a gain of 500 and the 
ability to attenuate in-phase AC noise by a factor of 50,000. The amplifier circuit 
is given in Fig. 2, where it should be noted that all resistors must be accurate to 
1% and all transistors are the standard type 2N359. The instrument is powered by 
aà set of 12-v, nickel-cadmium batteries which give good voltage stability as well as 
complete isolation from the ac line. This power supply together with a circuit for 
recharging the batteries is shown in Fig. 3. 


The unit will operate for several hours on fully charged batteries and 
may be left on ‘charge’ continuously when not in use. The instrument 
should be turned on at least 15 min. before being used to allow tempera- 
tures and battery voltage to reach stable levels. Once calibrated, the com- 
pleted unit is extremely sensitive, accurate, and convenient to use. 


AN APPARATUS FOR SELF-ADJUSTMENT OF THE INTER 
IN DELAYED ALTERNATION BY MONKEYS 


By Murray E. JARVIK and STEPHAN CHOROVER, 
Albert Einstein College of Medicine 


The test of delayed alternation was early proposed as a measure of im 
mediate memory similar to spatial and non-spatial tests of delayed resp 
It is a task which has been shown to be sensitive to frontal brain lesion 
as well as to drugs.* Even though it is a task which involves memory, it i 
possible, however, that other factors (such as changes in perception or m 
tivation) may be responsible for the deficits in performance reported. T 
present technic was developed in connection with a project to study 
effects of drugs on behavior in monkeys. It was designed to determin 
whether retention is more closely related to poor performance during the 
delay- or the predelay-periods. i 

The apparatus used for determining the delay-threshold consists of the 
following. The animal is restrained by the neck in a test chamber. In 
of him there is a panel containing two toggle switches, signal lamps, and a 
nozzle for delivering liquid reward. A monkey, deprived of water 
more than 20 hr. is placed in the chamber. It can obtain water from 
nozzle by depressing the toggle switches alternately when the ‘go’ si 
an overhead light, is turned on. Every correct response, that is, a resp 
to the correct switch at the correct time, is rewarded by 0.3 cc. of sweeten 
water. Control of the timing sequence is arranged by means of a ci 
containing cascaded counting relays so that every time the animal makes 
correct response the succeeding delay is lengthened by 1 sec. The pr 
arrangement permits delays up to 10 sec., but additional stepping swi 
will allow multiplication of this interval, Should the animal press dur 
the delay interval, that is, make a premature response while the overhe: 
light is off, the delay timer is reset to zero and the animal must wait for an 
additional time equal to the delay before the ‘go’ signal reappears. 
length of the delay, however, is not changed by this anticipatory resp 


* Mortimer Mishkin and K. H. Pribram, Analysis of frontal h 
in monkeys; I. Variations of delayed sitenation, F ar pny Psychol 
1955, 492-495; M. E. Jarvik and Stephen Chorover, Effects of lysergic 
putea rie certain aspects of memory (delayed alternation) in monkeys, 

roc., 17, 1958, 1. i 
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He can, of course, prolong the delay interval indefinitely in this way, but 
these early responses tend to fall out relatively quickly in learning. 

On the other hand, each time the animal makes a response to the incor- 
rect key, but at the appropriate time, this is followed by an unrewarded 
delay equal to the maximal interval, and thereafter the stepping switch re- 
sets so that the minimal delay is again effective. Should he then respond 
correctly the delay for the next trial will be 1 sec. longer. In this way the 
maximal delay reached in any sequence of trials is a function of the prob- 
ability of the animal making an error by responding to the wrong key on 
the previous trial. It can be seen that this procedure is similar to the psy- 
chophysical method of limits or of serial exploration, except that only an 
ascending order of difficulty is used.? 

The responses of a given animal are recorded on a continuously moving 
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Fic. 1. SAMPLE RECORD OF PERFORMANCE ON DELAYED-ALTERNATION 


chart which indicates the level of difficulty at which a given response 1$ 
made. A 5-min. sample of performance is shown in Fig. 1 where the value 
on the ordinate indicates the duration of the delay in seconds and EPRE 
the abscissa. Each correct response produces an upward deflection of tog 
pen and an accompanying delay which is 1 sec. longer than that preceding 
it. Every error in the choice of the key causes the timing mechanism to reset 
and the pen to return to the base line. It can be seen in Fig. 1 that in the 
particular 5-min. period shown the animal made 36 responses, 5 of which 
were errors, These errors occurred twice at 5 Sec., twice at 8 sec., ana Mere 
at 10 sec. Such a method of recording is particularly useful in studying the 
effects of drugs upon this behavior. 

Fig. 2 shows the effects of various delays on the accuracy of perform- 
ance in this test, It can be seen that this animal was able to perform the 
task at a high level of accuracy for the short intervals but that accuracy 


zee S. Woodworth and Harold Schlosberg, Experimental Psychology, 1954, 133- 
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Fic. 2. TYPICAL PERFORMANCE SHOWN AS PERCENTAGE O! 
RESPONSES CORRECT AFTER VARIOUS DELAYS 


diminished with increasing delay until at 9 sec. the percentage of correct 
responses was very close to that which could be expected by chance alone. 

It is possible by this method to have the animal set the level of difficulty 
of the problem close to his particular threshold. Thus, the threshold can 
serve as a sensitive measure of physiologically or pharmacologically induced 


changes, whereas accuracy of performance obtained after a fixed delay may 
be much less sensitive. 


— 


APPARATUS NOTES 


EYEBLINK CONDITIONING: PHOTOELECTRIC PICK-UP 
AND EEG RECORDING 


Franks and Withers described a photoelectric method of recording movements of 
the eyelid." Their chief innovation was a photoelectric cell mounted on the rim of 
spectacles which converted reflected light from the eye and lid into electrical 
impulses which varied with the dropping of the lid. They fed the output of the 
photoelectric cell into an amplifier of their own design which drove their recording 
milliameter, Their method is accurate, relatively inexpensive, and convenient; it does 
not place undue restrictions upon S's movements nor require that electrodes, paper 
eyelashes or other foreign objects be attached to the skin. 

Since, however, their cell operates off incidental light, the sensitivity varies with 
room illumination, the range being limited unless special steps are taken, e.g. utiliz- 
ing infra-red light; also, the tracing fluctuates as $ turns his head unless the illu- 
mination is homogeneous. A simple modification of their apparatus described here 
reduces restrictions as to lighting and clears the visual field. An electroencephalo- 
graph (EEG) circuit, standard equipment in most laboratories, has furthermore been 
substituted for the custom-built amplifier-recorder. 

In our modification, compressed air is fed through a polythylene tube into an 
assembly of copper tubes constructed into the shape of a ‘T (Fig. 1). The air enters 
the body of the 'T' (5 mm. in internal diameter and 70 mm. long) and escapes 
through one radial arm (1 mm. diameter, 15 mm. long) which is pointed into 
S's left eye. The other arm of the ‘I’ (7 mm. diameter, 20 mm. long) houses à 
miniature, pre-focused flashlight lamp held in place by an air-tight seal of plastic 
tape, 

A small photoelectric cell (International, Self-Generating Selenium, B2M), which 
is quite inexpensive and only 0.7 X 0.4 X 0.04 in. in size, was chosen to replace 
Franks and Withers’ more bulky tube-type. The cell is flat, wafer-shaped; sensitive 
on only one side, it does not require shielding. x 

The air-puff and light assembly are integrated into a unit with the photoelectirc 
cell by running the 1-mm. tube through a hole drilled in the center of the cell, 
thereby reducing obstruction in the visual field and assuring the proper alignment 
of the reflected light. A thin layer of plastic insulates the copper from the cell. Wires 
lead off from the lamp to a 1.5-v. battery and from the cell to the input of one 
EEG channel. 

The unit is mounted onto the rim of the spectacles with a small bolt. An cx: 
Pansible washer exerts enough pressure to maintain the unit in proper position but 
allows enough play to adjust the beam of light and air-puff to strike the most 
desirable point of S's eye. A rubber band passing behind S’s head holds the frame 
firmly in place. Both lenses are removed from the spectacle frames. 


*C. R. Franks, and W. C. R. Withers, Photoelectric recording of eyelid move- 
ments, this JOURNAL, 68, 1955, 467-471. 
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The light from the miniature bulb forms a circle on the sclera of the eye. Brighter 
than the incidental reflected light, it makes the functioning of the cell largely 
independent of room-illumination; light and dark areas have little effect and the 
average illumination-level may be very-bright to nearly-dark. Little light enters the 
pupil; under normal conditions $ may not realize that the bulb is on. Lamp black 
daubed on the eyelid would increase the sensitivity of the apparatus. 


, FIG. 1. SPECTACLE FRAMES WITH CONDITIONING UNIT MOUNTED ON RIM 
m is Pepe through (A), escapes through (B). (C) contains lamp which shines 
cee (B); reflected light, varying with position of lid, induces voltage in photo- 
electric cell (D). Wires lead from battery to lamp and from photoelectric cell to 
the input of the electroencephalograph. 


The substitution of the EEG for amplifying and recording has the advantages of 
sparing the laboratory the expense of constructing specialized equipment. It is well- 
calibrated as to amplification and the rate of Paper feed. Its multiple channels permit 
the simultaneous recording of other variables, Of perhaps the most practical impor 
tance, technicians are available who are thoroughly familiar with the equipment and 
who know the idiosyncrasies of the particular machine, 
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A pc amplifier, were one available, would be preferable to the EEG. After the 
blink is completed and the lid has raised, the pen returns to the 
instead of remaining at its peak—the graphic tracing does not correspond in this 
respect to the lid-position. If the lid were held closed for a short time, the same 
drift back to mid-line would occur. Franks and Withers’ apparatus suffers from 
the same limitation. The actual movement of the eyelid is however, faithfully re- 
corded. 

V.A. Hospital, Lexington, Kentucky Ricard M. GRIFFITH 

University of Kentucky CHARLES H. SPARKS 


TEMPERATURE-CONTROL FOR A GROUP OF SMALL AQUARIUMS 


Control of temperature is a problem when a large number of tropical fish must be 
kept in individual tanks. To have an immersion heater for each tank is costly and 
cumbersome. To heat the air in the room is feasible only if E is prepared to tolerate 
a certain amount of discomfort and if all Ss in a given room require the same tem- 
perature. The method to be described here has none of these limitations. It is con- 
venient and inexpensive; it involves no discomfort to E; it permits different groups 
of tanks in the same room to be kept at different temperatures. 

The tanks are set on wooden shelves. To each shelf is stapled a layer of soft 
asbestos paper and then a layer of heavy kitchen-grade aluminum foil. Vinyl-jacketed 
heating cable (G.E. HS 100) is run back and forth on top of the aluminum foil in 
the longer direction of the shelf, with a spacing of about 1 in. between strands. The 
power consumption of this cable is 5-w./ft. Insulated wire staples are used to keep 
the strands in place. The tanks rest directly on the heating cable and thus are heated 
from below. A thermostat, in the circuit with the heating cable, and its plastic cov- 
Si sensing element, immersed in one of the tanks in the group, serve to regulate 
the temperature of all tanks in the group. 

Depending on the minimal pas Eea anticipated, the distance between 
strands of cable may be increased or decreased. The exact arrangement to meet any 
given set of requirements might best be determined empirically. In our own appli- 
cation, 200 ft. of cable serve to maintain 30 2-gal. tanks at 82°*2°F. in a room 
in which air temperatures have fallen below 40°F. for periods as long as 12 hr. 
The margin of safety in this arrangement is indicated by the on-off ratio of the 
heating cable, which is on the order of 20% at an air temperature of 70°F. 


The New School for Social Research Ropert M. STEINMAN 
Jerome WODINSKY 


NOTES AND DISCUSSIONS 


SOME OBSERVATIONS REGARDING THE EXPERIENCES 
AND BEHAVIOR OF THE BAMBUTI PYGMIES 


The identity of the BaMbuti Pygmies of the Ituri Forest in the 
with the forest itself goes beyond their social life; they are also ps 
logically conditioned by their environment, This can best be i!':strated 
some observations that I made during a recent field trip in their country. 

Distance- and size-perception. At the end of a particularly long and 
ing period of trekking through the forest from one hunting group to an- 
other, I found myself on the eastern edge, on a high hill which had b 
cleared of trees by a missionary station. There was a distant view over th e 
last few miles of forest to the Ruwenzori Mountains: in the middle of the 
Ituri Forest such views are seldom if ever encountered. With me was a 
Pygmy youth, named Kenge, who always accompanied me and served, 
amongst other capacities, as a valid introduction to BaMbuti groups where 
I was not known. Kenge was then about 22 yr. old, and had never before seen 
a view such as this, He asked me what the “things” before us were (referring 
to the mountains). “Were they hills? Were they clouds? Just what 
they?” I said that they were hills bigger than any in his forest, and that if he 
liked we would leave the forest and go and see them and have a rest i 
He was not too sure about this, but the BaMbuti are an incorrigibly curious 
people and he finally agreed. We drove by automobile in a violent thunder- 
storm which did not clear until we entered the Ishango National Park at 
the foot of the mountains and on the edge of Lake Edward. Up to that 
moment from the time we had left the edge of the forest, near Beni, visi- 
bility had been about 100 yd. ; 
As we drove through the park the rain stopped and the sky cleared, and 
at rare moment came when the Ruwenzori Mountains were completely 
free of cloud and stood up in the late afternoon sky, their snow-capped 
peaks shining in the sun. I stopped the car and Kenge very unwillingly got 
out. His first remark was to reiterate, what he had been saying ever si 
the rain stopped and we could see around us, that this was a very 
country, there were no trees. Then he looked up at the mountains and 
completely unable to express any ideas—quite possibly because his lan- 
guage had no suitable terms, being limited to the experience of a strictly 
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forest people. The snow fascinated him, he thought it must be some kind 
of rock. More important, however, was the next observation. 

As we turned to get back in the car, Kenge looked over the plains and 
down to where a herd of about a hundred buffalo were grazing some miles 
away. He asked me what kind of insects they were, and I told him they 
were buffalo, twice as big as the forest buffalo known to him, He laughed 
loudly and told me not to tell such stupid stories, and asked me again 
what kind of insects they were. He then talked to himself, for want of 
more intelligent company, and tried to liken the buffalo to the various 
beetles and ants with which he was familiar. 

He was still doing this when we got into the car and drove down to 
which the animals were grazing. He watched them getting larger and 
larger, and though he was as courageous as any Pygmy, he moved over and 
sat close to me and muttered that it was witchcraft. (Witchcraft, inciden- 
tally, is known to the BaMbuti only through association with the Bantu. 
They have no similar concept of the supernormal). Finally when he re- 
alized that they were real buffalo he was no longer afraid, but what puzzled 
him still was why they had been so small, and whether they really had been 
small and had suddenly grown larger, or whether it had been some kind of 
trickery. 

As we came over the crest of the last low hill, Lake Edward stretched 
out into the distance beyond, losing itself in a hazy horizon. Kenge had 
never seen any expanse of water wider than the Ituri river, a few hundred 
yards across. This was another new experience difficult for him to com- 
prehend. He again had the same difficulty of believing that a fishing boat 
a couple of miles out contained several human beings. “But its just a 
piece of wood,” he protested. I reminded him of the buffalo, and he 
nodded unbelievingly. ` 

Later we went all over the National Park with one of the African 
guides. He and Kenge conversed in KiNgwana, the lingua franca of the 
area, and Kenge was constantly looking out for animals and trying to guess 
at what they were, He was no longer afraid or unbelieving; he was trying 
to adapt himself, and succeeding, to a totally new environment and new 
experience. 

The next day he asked to be taken back to the forest. He reverted to 
his original argument. “This is bad country, there are no trees.” ; 

The inability of the BaMbuti to correlate size-constancy and distance eS 
never even struck me as a possibility. In the forest, vision is strictly limite 
to a matter of yards, the greatest distance one can SeS, when up a tree 
looking down onto a camp, being a hundred feet or more below. Kenge 
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was, however, a sophisticated and well travelled Pygmy. He had been with 
me a long time, had travelled along roads where he could see for as much 
as a quarter of a mile, and had seen aircraft and knew that they contained 
people. Such instances, however, were rare, and on the whole his experi- 
ence of visual distance was limited to the relatively slight diminution of 
size in seeing a person or people walking along a road a quarter of a mile 
away. He had seldom seen any animal from further away than a few yards, 
he had never seen any boat bigger than a dug-out canoe, and that no fur- 
ther away than a few hundred feet. 

Number-perception. Size-perception is, however, only one of many phe- 
nomena of interest to the psychologist. The Pygmy, unless he is one who 
has constant dealings with the Bantu, is unable to count above four. He 
has, however, such an eye for patterns that, for example, if several arrows 
are taken from a bunch, he can detect the reduction and can usually replace 
the correct number withdrawn to bring the bunch to its original size. In a 
gambling game (panda) common in the region, up to 40 or so pebbles, 
seeds, or beans are thrown onto a mat. In a single glance the Pygmy can 
tell you if they form a multiple of four, or how many—one, two, or three 
—have to be added to make it into such a multiple. The game is a test of 
skill in number perception and manipulation. Spare beans are concealed 
between the fingers and toes, and as a player makes his throw, while the 
beans are still rolling on the mat, he has already made his calculation and 
added the requisite number from his concealed reserve to bring the total 
to the winning multiple. : 

: Art: (1) Visual. Another phenomenon worthy of study, and again asso- 
ciated with environmental influence, is the almost total lack of any form of 
physical art. The BaMbuti refer to white, black and red by color names, for 
other colors they make comparisons—"‘like leaves,” “like leopards,” in- 
stead of “green” or “yellow.” They use red or blue-black dyes in the crude 
decoration of their bark cloths, smearing the dye on with their fingers. 
More complicated are the designs painted on the bodies of the girls and 
women, using the black stain obtained from the gardenia fruit, Except for 
these decorations, visual art is lacking. Wooden implements are never 
carved or decorated or even polished. Perhaps the word of the BaMbuti 
is too close around him, too confined and colorless, too much lacking in 
variety, to produce a visual art. 

(2) Auditory. In contrast to this lack the Pygmy has the most complex 
music in the whole of Africa. It is complex not only in terms of rhythm, 
melody, and harmony (the latter Surprising enough in Africa), but also 
in terms of technique. The BaMbuti can improvise a 15 part liturgy or 
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canon, with melodies frequently running in parallel seconds, and hold it 
without the slightest difficulty. When this gets too tame, they divide the 
melodic line up, note by note, among the performers, each of whom will 
hoot his note at the appropriate moment. The melody then travels counter- 
clockwise around the group who may be sitting about a central fire or even 
in the natural circle formed by their huts, each at his own hearth. There is 
obvious material here for anyone interested in esthetics, as well as for 
those who might be more interested in the relatively small part that vision 
plays in the life of these forest nomads. (Even when hunting, a great deal 
is done by hearing rather than seeing, and perhaps even smell is more im- 
portant as a sense. Vision is used by the hunters in the examination of 
tracks, but the firing of the arrow is often done by sound rather than 
sight.) I should mention again that music permeates their whole life. 

Historical records. The earliest historical records of the BaMbuti, found 
in a tomb dating from the sixth dynasty in Egypt, places this tribe where 
it is today, refers to it as forest dwellers, and indicates that song and dance 
played a great part in the life of its people then just as it does today, over 
four thousand years later. In the forest there are few forces that stimulate 
change, and it is probable that the BaMbuti remained for most of this time 
living much the same kind of life. As recently as three or four hundred 
years ago, however, the great Bantu migrations forced certain Bantu and 
Sudanic tribes into the forest. For a number of highly significant reasons 
the resultant contact has had relatively little effect on the life of the Ba- 
Mbuti, who consciously and forcefully reject the values of the plains and 
savannah, and unite in common opposition to the village world of the in- 
vaders, 

It is a pity that such an exceptional opportunity for the study of pee 
primitive people should be missed. In a few years the opportunity wil 
gone. There is little literature of scientific value available on these people. 
The references that I give here are those of the greatest interest, but eae 
so are for the most part of general rather than specific value.* The wor 


1 Martin Gusinde, Die Kong 
cae, 76, 1942; Urwal 
yemoida im Tropischen A 

157; Paul Schebeste ‘Among Congo Pygmies, 1933; My Pygmy an Naproti 
1936; Revisiting by Pygmy Hosts, itiati 
Schweinfurth, The Hews of Africa 1874; C. T. Turnbull, Initiation 40035, z 
BaMbuti Pygmies of the Centra Ituri, J. 727 Anthropol. Tessie Si isd i 
Legends of the BaMbuti, fhid., 89, 1939, O aae 5 
sociology of the BaMbuti Pygmies, Trams. 1X.’ «3 y «9.3. 1960, 
284; The elima. A pre-marital festival among the BaMbuti Peto: The oe oie 
ae Field work among the BaMbuti Pygmies, Man, 60, 1960; 
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of Schebesta was undertaken a number of years ago, and his later findings, 
as well as my own, indicate that particularly with regard to his analysis of 
the Pygmy-Negro relationship he was observing more from the point of 
view of the village than of the forest. This was due to the fact that it was 
impossible for him at that time to have access to the BaMbuti except 
through the offices of the local Negro chiefs. The presence of the Negroes 
changed the situation, even when in the forest, from a truly forest to a 
village environment, and the Pygmies reacted accordingly. 

True hunters, particularly those who are as heavily conditioned by their 
environment as are the BaMbuti, are rare. The fact that they are sur- 
rounded by so many different cultures, yet have managed to maintain their 
own cultural integrity is an indication of the depth and vitality of their 
way of life and thought, however simple and static it may seem on the 
surface. If they lose their integrity in the next few years, it will not be be- 
cause of any process of acculturation, but because the forest is no longer 
theirs and it will have been physically impossible for them to maintain 
their forest way of life. They are aware of the future that faces them, and 
while some say “We shall just have to live like the savages and plant ba- 
nanas,” the majority say, “When the forest is no more, we shall die.” I am 
afraid it will be the latter. 

American Museum of Natural History CoLIN M. TURNBULL 


DISTANCE-CONSTANCY 


It has often been found that with unrestricted viewing conditions two 
objects which are equal in physical size will be judged equal in size despite 
differences in their distances from O.1 There is general agreement about 
this concept of size-constancy, Some confusion, however, has arisen about 
what is meant by distance-constancy.* Both Purdy and Gibson’ and Smith‘ 
have demonstrated that a specified space between two points will be judged 
to remain constant in extent with changes in the distance of that space from 
O. The present aim is to put forward an integrative concept of distance- 
constancy—in the sense of finding what Boring calls invariant relation- 


= 


* J.J. Gibson, The Perception of the Visual World, 1950. 


*See S. H. Bartley and H, J. Adair, Comparison of phenomenal distance in 


photographs of various sizes, J. Psychol., 47 1959, 289-297. These writers state 
that “distance-constancy has received very little attention. Accordingly we do not 
pos lod much about it, or what might be meant by the term, distance-constancys 
itself. 

a P 4 

Jean Purdy and E. J. Gibson, Distance jud ctionation: 
T. exp. Psychol., 50, 1955, 374-380. E 70 method of fraction 

*O. W. Smith, Distance constancy, ibid, 55, 1958, 388-389. 
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ships.’ Whereas two objects of the same physical size are judged equal in 
size despite differences in their distances from O (size-constancy), two 
objects at the same distance from O would be expected to be judged equal 
in distance despite differences in their physical sizes (distance-constancy). 
In these terms both Purdy and Gibson’s and Smith’s results can be con- 
sidered to demonstrate size- or length-constancy. 


In the present experiment Os judged the relative distances of a pair of objects 
whose size-combinations were varied factorially. It was predicted that judgments of 
distance-equality would be independent of the differences in the physical sizes of the 
two objects. 

Testing was carried out in a well-illuminated room 35 ft. long. Few restrictions 
were placed on O's viewing. O was presented with two white circular disks and 
judged which was the closer to him. The disks were suspended from thin cords 
separated by 25° at the eye and were 18 in. above eye-level. Three pairs of disks, 


TABLE I 


MEAN DISTANCES OF COMPARISON-STIMULUS TO WHICH 
JUDGMENTS OF DISTANCE-EQUALITY ARE GIVEN 


Diameter Distance and diameter of standard stimulus 

of com- — 

parison- 15 ft. 20 ít. 25 ft. 

stimulus = -i ee 
Gn.) Zin. ŝin 12in, 4in. 8in Min 4in. Sin. 12in. 


4 14.84 15.16 15.00 20.16 20.00 20.47 25.31 24.84 25.16 
8 14.60 15.16 15.47 20.00 19.84 20.31 24.69 25.00 25.31 
12 14.56 14.69 14.56 19.84 19.84 20.16 25.00 25.00 24.84 


with diameters of 4, 8, and 12 in., and three standard stimulus-distances (15 ft. 
20 ft., and 25 ft.) were used. 

Each of the 8 Os made relative distance-judgments of 5 
tions of standard stimulus-size, standard stimulus-distance, and comparison stimulus- 
size, If the comparison-object was smaller than the standard object, the former was 
initially placed 5 ft. closer to O than the latter and moved in steps of 2 He succes 
the direction O indicated until O either reversed his judgment or gave 3 beg ; 
of equality. When the comparison-object was the larger, it was initially placed RA 
further from O than the standard and again moved in the direction that O indicated. 
In compiling the results, a judgment that the comparison-stimulus at 15 ft. from O 
was closer, but at 17 ft. 6 in. was farther away, than the standard eric 
treated as a judgment of distance-equality at 16 ft. 3 in. 


The distances of the comparison-stimulus at which judgments of dis- 
tance-equality were given are set out in Table I for the various combina- 
tions of the independent variables. The distances of the comparison-stimu- 
lus closely approximate those of the standard-stimulus and not the distances 

*E. G, Boring, Visual perception as invariance, Psychol. Rev. 59, 1952, 141-148. 


the 27 factorial combina- 
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ual angle. Thus, under unrestricted viewing conditions two stimuli at the 
same distance from O will be judged equal in distance irrespective of dif- 
ferences in size. If size-constancy can be expressed as: 

Rr, = f (4: = 52) 
(where Rr, is a judgment of size-equality, s, the size of the comparison- 
stimulus, and s, is the size of the standard stimulus), then distance-con- 
stancy can be expressed as: 

R= f (d= de) 
(where Rr, is a judgment of distance-equality, d, is the distance of the 
comparison-stimulus from O, and d, is the distance of the standard stimu- 
lus). 

University of Sydney, Australia Ray OVER 


‘GOALS’ AND ‘VALUES’ REVALUATED 


A recent paper by Wiener and Ehrlich presents some data purporting to 
demonstrate the empirical equivalence of the concepts of ‘goals’ and ‘val- 
ues.’ The data are semantic differential ratings of these two concepts by a 
sample of 36 therapists and patients, The authors give the average ratings 
for each scale over these subjects for each of the concepts and assert that 
“None of the scale-differences was large enough to be statistically signifi- 
cant, The figures graphically demonstrate the similarity with which the two 
terms are described . . . In view of the similarity . . . we believe that the 
two concepts, ‘values’ and goals’, have similar connative meaning and are 
used synonymously in practice,”1 
There are two comments to be made on Wiener and Ehrlich’s paper and 
eir Main assertion. First, the assertion is true only in a very gross sense. 
nalysis of the differences on each scale between the average rating of 
goals’ and ‘values’ which have been listed in order of size in Table I re- 
veals a systematic and plausible difference in meaning between the two 
concepts. Secondly, the assertion of no “statistically significant” differences 
1s unsupported by publication of the standard errors of the differences to 
which the authors refer, and is, on the basis of the data which are re- 
ported, in some doubt. 

The differences listed in Table I reveal that ‘goals’ are actually rated by 
these subjects as more timely, competitive, new, conventional, intentional, 
hard, active, selfish and voluntary and less inner than ‘values’! This set of 
differences in rated meaning corresponds closely with the dictionary differ- 


th 
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ence in meaning between the two concepts. ‘Goals’ are defined as “objects 
or ends that one strives to attain” while ‘values’ are defined as “acts, cus- 
toms, or institutions regarded in a particular, especially favorable way.”? 
The lack of difference between the two concepts on evaluative scales is sur- 
prising, but the observed differences fit well with the more immediate, 
practical and action-oriented nature of “goals.” 

The omission of standard errors is always unfortunate, The importance 
of a statistic such as an average cannot be adequately determined without 
information about its precision such as that given by its standard error. 
Since, in spite of the authors’ assertions, the actual differences in average 


TABLE I 
Tur DIFFERENCE IN MEANING BETWEEN ‘GOALS’ AND ‘VALUES’ 
(Data from Wiener and Ehrlich’s Figs. 1 and 2. Scales reversed to make 
all differences in favor of ‘Goals’ positive.) 


Mean rating of 


Scale Mean DHE 
‘Values’ ‘Goals’ 
timely /untimel Ou 5.5 2.3 
competitive, Jaee 3.3 5.3 2.0 
new/old S:S 4.5 1.0 
outer/inner 2.4 3.3 0.9 
conventional/unconventional 4.1 4.9 0.8 
intentional/unintentional 4.9 Bee, 0.8 
hard/soft 4.8 5.6 0.8 
active/passive 4.6 5.3 0.7 
selfish /unselfish 3.5 4.1 0.6 
voluntary/compulsory 4.5 5:1 0.6 


ratings are quite meaningful, it is particularly unsatisfying not to be in- 
formed of the precision of these averages in this paper. ; 

It is possible to estimate what this precision may be by making an as- 
sumption about the distribution of ratings per scale. This estimate, as I wi 
now show, casts some doubt on the authors’ asse ion of no “statistically 
significant” differences. ; 

If there was any agreement among the 36 raters on the meaning of a 
concept, then the distribution ratings of this concept on @ given scale was 
heaped up around its average. The variance of a uniform distribution ba 
a seven-point scale is 4 and so we can assume that the sample variance o 
ratings for any scale in the Wiener and Ehrlich study, on which there were 
any signs of group agreement, was less than 4. 

If the vine of ratings was less than 4, then the standard error Ha 
average of 36 such ratings was less than 0.33, and 95% confidence-inter- 


* Webster's New World Dictionary (College Edition), 1953. 
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val around any such average was less than 0.7. Now, on this basis alone, 
the two largest differences given in Table I attract our attention since the 
confidence intervals for these means do not even come close to overlapping. 

We are dealing here, however, with the average difference between 36 
paired ratings on a given scale, The standard error of this average differ- 
ence will be less than 0.47 (1 — r)!, where r is the correlation among pairs 
over the 36 Ss. Even if r = 0, we would consider the three largest differ- 
ences “statistically significant.” If r is as much as 0.5, a not unreasonable 
assumption, then the standard error of an average difference is going to be 
less than 0.33 and we are going to be seriously interested in at least the 
eight largest differences. 

The moral of these observations on the Wiener and Ehrlich paper is: 
first, that differences are as important as similarities, particularly when 
highly similar objects are under study; and secondly, that the value of sta- 
tistics reported without estimates of their precision is seriously im- 
paired. 

The semantic differential has much to offer the research social scientist 
in bringing out differences in meaning between apparently similar con- 
cepts. This is the line that should be stressed when measurements of mean- 
ing are reported, 

University of Chicago BENJAMIN WRIGHT 


HUSBAND AND FATHER-IN-LAW—A REVERSIBLE FIGURE 


In 1930 Boring introduced W, E, Hill's reversible figure “my wife and 
my mother-in-law’? to psychologists. This figure has since appeared in a 
variety of textbooks, and it has been used in numerous experimental 
studies.? Its use as a reversible figure for studies in perception is limited 
by the fact that the wife is seen more frequently than the mother-in-law. 
In Leeper’s study, the wife was reported 65% of the time.* In our own study, 
it was reported 78% of the time by a sample of young adult men and by 
94% of a sample of elderly men, 

A new figure with masculine motif, “husband and father-in-law,” which 


*E. G. Boring, A new ambiguous figure, this Journ. 
e > , AL, 42, 1930, 444-445. 

R. W. Leeper, A study of a neglected portion of the field of learning: The 
development of sensory organization, J. genet. Psychol, 46, 1935, 41-75; V. R 
Carlson, Satiation in a reversible: pecspoctive figure, J. exp. Psychol, 45, 1953, 
442-448; Jack Botwinick, J. S. Robbin, and J. F. Brinley, Reorganization of pef- 
ceptions with age, J. Geront., 14, 1959, 85-88; William Epstein and Irvin Rock, 
Perceptual set as an artifact of recency, this JouRNAL, 73, 1960, 214-228. 

"Leeper, op. cit., 41-75. a i 
* Botwinick, Robbin, and Brinley, op. cit., 85-88. 
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complements Hill's “wife and mother-in-law,” is shown in Fig. 1.° A is 
the ambiguous figure, B the husband, and C the father-in-law, the alterna- 
tive perceptions. 


Ni 


B 


Fic. 1. “My HUSBAND AND MY FATHER-IN-LAW” 
A shows the balanced figure; the ‘husband’ is stressed in B 
and the ‘father-in-law’ in C. 

Balance of the alternative versions was tested in the manner described 
in an earlier paper for Hill's figure.* The Ss were 21 women and 30 men, 
volunteers ranging in age from 18 to 26 yf., and in formal education from 
12 to 16 yr. They were drawn from a pool of workers quartered in the 
Clinical Center of the National Institute of Mental Health, All apparently 
were in good health. 

When presented with the reversible figure (Fig. 1A), 10 of 21 women, 
and 14 of 30 men reported the ‘husband,’ while the other Ss reported the 
‘father-in-law.’ These data clearly suggest the nearly equal likelihood of 
the two percepts. With verbal suggestion that “another picture could be 
seen,” only two women and five men reported the alternate percept, but, 
after presentation of the appropriate, less ambiguous figure (Figs, B or C) 
only three women and four men failed to report the alternate percept when 
once again shown the reversible figure. No significant difference was found 
between men and women Ss in the perception of the figure. 

National Institute of Mental Health Jack BOTWINICK 


FIFTY-SEVENTH ANNUAL MEETING OF THE SOCIETY 
OF EXPERIMENTAL PSYCHOLOGISTS 
Society of Experimental Psy- 


The fifty-seventh annual meeting of the 
March 31 and April 1, 1961. 


chologists was held at Princeton University on 


; ® We thank Mr. George P. Marsden, Chief, Medical Arts Section, DRS, N.I.-H., 
or drawing the figures. 

+ Botwinick, Rubin. and Brinley, op. cit, 85-88. We thank Mr. Joseph S. Rob- 
bin for his assistance in the collection and tabulation of data. 
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R. M. Gagne, Chairman of the Society for the year, presided at the business 
meeting and at sessions for the presentation of scientific papers. 

Members and fellows present were: Bartley, Bray, Carmichael, Fitts, 
Gagne, Garner, Geldard, E. J. Gibson, J. J. Gibson, Graham, Grant, Harlow, 
Humphreys, Hunt, Hurvich, Irwin, Kennedy, Licklider, Melton, Miles, 
N.E. Miller, Morgan, Mueller, Neff, Newman, Postman, Pratt, Riggs, 
Rosenblith, Schlosberg, Solomon, Spence, Stellar, Teuber, Wendt, and 
Wickens, 

James E. Deese, Robert Galambos, Austin H. Riesen, and Donald R. 
Meyer were elected to membership in the Society, bringing the total mem- 
bership to 64 members and 20 fellows. 

Members presented reports of research in progress at scienti ` sessions 
held in Eno Hall the afternoon of the 31st and the morning of ti. 1st. 

The Warren Medal for 1961 was awarded to Carl I. Hovland "for his 
systematic analyses of human communication as applied to four areas of 
research—verbal learning, conditioning, concept formation and attitude 
change.” X 
- The Society accepted the invitation of the University of Michigan to meet 
in Ea Arbor in 1962. Arthur W. Melton was elected Chairman for 
1961-62, 


Princeton University JOHN L. KENNEDY 


FIFTY-THIRD ANNUAL MEETING OF THE SOUTHERN 
SOCIETY FOR PHILOSOPHY AND PSYCHOLOGY 


The Southern Society for Philosophy and Psychology held its fifty-third 
annual meeting at the Atlanta-Biltmore Hotel in Atlanta, Georgia, on 
March 30, 31 and April 1, 1961. The Departments of Psychology and 
Philosophy of Emory University were hosts. . 

Twenty-nine papers were Presented in Philosophy, and thirty-four in 
Psychology. The special award Papers were presented by William T. Black- 
stone (University of Florida), on “Are metaethical theories normative?”, 
and by Dempsey F. Pennington (University of Alabama), on “Parameters 
of interference-times in rats as a function of degree of brain damage.” 
These are selected annually from among those papers presented by members 
who have not yet received their Ph.D, degree, or who have received them 
within the past five years. 

At the first joint session the “History of the Southern Society for Philoso- 
phy and Psychology” was Presented by Marjorie S. Harris (Randolph- 
Macon Woman's College). Wilse B. Webb (University of Florida) served 
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as Chairman of the second joint session, at which Mayor William B. 
Hartsfield of Atlanta, Georgia, welcomed the Society to Atlanta, and Rubin 
Gotesky (Northern Illinois University), President of the Society, gave 
the presidential address entitled “Science as the scientific institution: A 
new approach.” The third joint session was chaired by Rolland H. Waters 
(University of Florida). A paper entitled “Some current problems in the 
study of language,” was presented by Charles S. Morris (University of 
Florida), with responses to Dr. Morris’ paper from Charles N. Cofer (New 
York University), and James K. Feibleman (Tulane University). General 
discussion from the floor followed. 

Eighteen psychologists and nineteen philosophers were elected to mem- 
bership at the annual business meeting. 

The following officers were elected for 1961-1962: 

William M. Hinton (Washington and Lee), President; Leroy E. Loemker 
(Emory University), President-elect; Leland E. Thune (Vanderbilt Uni- 
versity), Treasurer, Dan R. Kenshalo (Florida State University, is in his 
third year of a three-year term as Secretary. Charles Hartshorne (Emory 
University), and Paul S. Siegel (University of Alabama), were elected 
as Council Members from Philosophy and Psychology, respectively. 

The membership accepted the invitation of the Navail Air Station and 
Southwestern at Memphis, to hold its next annual meeting in Memphis, 


Tennessee, on April 19, 20 and 21, 1962. 
Florida State University Dan R. KENSHALO 


THE 1961 MEETING OF THE NATIONAL ACADEMY 
OF SCIENCES 


The National Academy of Sciences held its ninety-eighth annual meeting 
at the home of the Academy in Washington, April 24-26, 1961. Pa 

The principal program dealt with frontier research on the utilization 
of solar energy. There were this year no peculiarly psychological aie 

The Academy announced the deaths of twenty-one members and Foreign 
Associates, and elected thirty-five new members and four i raag 
Associates. The psychologist, Lorrin A. Riggs of Brown Uara a 
elected to membership. The death of Carl I. Hovland, elected in ee 
announced. Thus the tale of psychologists remains at eet: of 
E oriented psychologists will be interested also in Khe clean 
ohn W., Tukey of Princeton. 

The beai of the United States, John F. Kennedy, Hrer 
business meeting briefly, stressing the dependence ora ia 
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science and scientists and its constant need for sophisticated advice from 
men in position to provide the crucial information on which the Govern- 
ment can base its decisions. 

The ten psychologists in attendance were F. A. Beach, E. G. Boring, 
Leonard Carmichael, Robert Galambos, J. P. Guilford, Heinrich Kliiver, 
D. B. Lindsley, W., R. Miles, N. E. Miller, and Carl Pfaffmann 

Harvard University Epwin G. BORING 


THE 1961 MEETING OF THE AMERICAN 
PHILOSOPHICAL SOCIETY 


The annual general meeting of the American Philosophical Society was 
held in the Hall of the Society on April 20-22, 1961. 

The Society was addressed by Curt P. Richter on the subject of biological 
clocks. The Penrose Lecture was given by Senator J. William Fulbright 
on the need for a revival of moral idealism in the United States if free 
government is to survive. The address at the annual dinner was ' > Caryl P. 
Haskins, President of the Carnegie Institution of Washington, who reviewed 
the crucial role of learned societies in the continuing support of scholar- 
ships in spite of political change. 

The third Karl Spencer Lashley Award “in recognition of useful and 
significant work in the field of neurobiology” was made to Lord Adrian of 
Cambridge, England. The presentation was made by William H. Taliaferro. 
The first two recipients were Rafael Lorente de Nó and Heinrich Kliiver. 

OF the 19 persons elected to resident membership, those most closely re- 
lated to psychology were Frank A. Beach of the University of California at 
Berkeley and Frederick Mosteller of Harvard University. 

The psychologists present at the meeting were Leonard Carmichael, 
Walter R. Miles, Curt P. Richter, and Edwin G. Boring. Among the six 
members who had died during the year, the youngest was Carl I. Hoviand. 

Harvard University Epwin G. BORING 


AN ACKNOWLEDGMENT 


The JouRNAL is indebted to Professor John F. Shepard, a former 
student and long-time colleague of Professor Pillsbury, for the portrait 
and signature reproduced in the frontispiece of this number. Both are 
dated in the mid-1940s when Pillsbury was about seventy-five years old. 
The portrait is the last one Professor Pillsbury had taken, 

K.M.D. 
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Edited by T. A. RYAN, Cornell University 


The Human Side of Enterprise. By DouGtas McGrecon. New York, McGraw- 
Hill Book Co., 1960. Pp. x, 246. $4.95. 

There have been so many dull books telling what psychologists do in the service 
of management that it is a most refreshing contrast to find a psychologist who 
applies his technical insights to an incisive analysis of managerial behavior. Doug 
las McGregor, whose career includes both ample psychological research and high- 
level administrative responsibility, here offers to management a devastating critique 
of many traditional practices and a stimulating way of thinking about the proper 
tole of the manager. 

Outstanding from my point of view are the excellent uses made of the concepts 
of perception and motivation. This does not mean that either term is often men- 
tioned. Rather the mode of conceptual analysis is such that one rarely loses sight 
of the importance of these two decisive features of worker and of managerial be- 
havior. We must constantly consider how a policy will be perceived, and what mo- 
tives it will satisfy. 

Every managerial act rests on a theory about human nature. Interpretations of 
worker coöperation and noncodperation involve unconscious, unstated assumptions 
about motives, Few managers are receptive, however, to the most sophisticated 
psychological theorizing about motivation; each is sure that his own theory is more 
accurate. His rejection is often based on ego-motivation; acceptance ofa aig era 
“threatens some cherished illusions” (p. 8). He has, moreover, # built- aia 
against failure; “when people respond to managerial decisions in undesired ways 
the normal response is to blame them” (p. ae manager, despite re- 
peated failures to predict worker behavior, clings to hi s ie 

Conventional management relies upon what McGregor calls “Teog Lr maA 
involves assumptions of human laziness, the necessity of coercion, “higher 
for dependency, and implicitly, therefore, the status of the manager as A pa 
type” who is not lazy, is willing to take responsibility, and has the right honik 
others into doing his bidding. The contrasting "Theory y” alleges that E 
like work as well as play, will exercise self-direction toward objectivas os 
seek responsibility, and have wide potentialities for intelligence and an 

The inadequacy of Theory X is demonstrated by reference to numbe Toia 
mon problems. Individual incentive plans do not induce added urepe pej 
they run counter to major noneconomic motives, such as the desire ag el the 
Proval. Performance appraisals, as customarily administered, do Le tend to keep 
subordinate of his strong and weak points, do not motivate him, but to obstruct- 
him in a state of childlike dependency which is irritating and copia r 
tive behavior. Setting up a ‘staff’ for the purpose of checking up on 
ance engenders friction and evasive tactics rather than coöperation. 
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As a rule, management assumes that workers want only economic goals. But wages 
and fringe benefits lead to enjoyment only when the worker leaves his work-place. 
“It is not surprising, therefore, that for many wage earners work is p rceived as a 
form of punishment which is the price to be paid for various kinds of satisfaction 
away from the job" (p. 40). Managerial tactics ignore the potency of Maslow's 
“higher needs.” Managers, while believing in Adam Smith's view that entrepre- 
neurs secking individual advantage benefit society, cannot accept the notion that 
workers so motivated will benefit the company. Hence the emphasis must be on au- 
thority, control, and management prerogatives. 

Most of these criticisms are not new. Some of them have been more graphically 
illustrated by Melville Dalton (Men Who Manage, Wiley, 1959.) What is par- 
ticularly impressive about them is the quiet way in which a statement perfectly 
acceptable to the typical manager is shown to rest upon the assumptions of Theory 
X, and how inevitably these assumptions lead to friction, noncodperation, and the 
development of groups which defeat managerial purposes. After the analysis has 
been repeated in five or six major areas of management strategy, the impact seems 
tremendous. Unfortunately, even if we can get managers to read this book, their de- 
fense mechanisms will probably be so effective that the meaning will not get 
through. 

Some of McGregor's points also penetrate the hide of the psychologist. He raises 
some very tough questions about the ethics of using projective devices to get infor- 
mation in the service of managerial goals, not for the benefit of the client. “Man- 
agement's legitimate concern is with performance. . . . The question is whether 
management has a right to go behind the performance to the diagnosis of its causes 

when those causes are personal and private” (p. 107). Do we, as consultants, have 
a right to reveal confidential data to a man’s boss regarding these inner weaknesses? 

Likewise he derides the notion of using the appraisal interview as a form of 
counseling or therapy. “To attempt to counsel in a formal appraisal interview,” 
he writes, “is as much a travesty as to attempt bribery of a victim during a holdup” 
(p. 86). If the superior is in a position to punish his subordinate for failure to 
conform, any attempt to whitewash such advice as ‘counseling’ is a fraud. 

The book is as good on the positive side as it is sharp on the negative. Examples 
are offered of good salary administration (college heads would be well-advised to 
read pp. 90-99 and 194-199), of good staff-line relationships, of good “managerial 
development. Of the latter he says characteristically, “In the last analysis the in- 
dividual must develop himself” (p. 191). These examples build on the assump- 
tions of Theory Y: that men have needs beyond the biological-economic level, and 
iene sane aoa im: ae successful enough that these low-level needs, 
for eis which Te paved aie es o NE 

zhi X jectives of the company and, under 
these conditions, maximal productivity and job satisfaction result. 

McGregor shares the reviewers feeling that the Scanlon Plan contract is the vehicle 
through which psychological insight can best be applied to union-management rê- 
lations. He is, however, inclined to avoid pat solutions to all problems; what he 
offers is a way of thinking about human nature and the integration of individuals 
into organizations. Executives who are intrigued by his speeches, he comments, are 
always trying to find a formula by which participation and integration can be im- 
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posed on their organizations. It is, however, precisely this pattern of domination 
from above which is incompatible with Theory Y. The executive can provide a fa- 
vorable climate for the growth of integration but he cannot compel it, Subordinates 
can always misperceive offers of coöperation as attempts at subtle 

sometimes this is veridical perception, 

To what extent is the behavior of management (based on Theory X) responsible 
for our present problems of featherbedding, lack of interest, diversion of effort out- 
side the organization? McGregor apparently agrees with Clinton Golden's com- 
ment that “over the long run, management gets the kind of labor relations it de- 
serves” and extends this to staff-line relations, middle-management behavior, and 
so on. He points out, for example, that “middle and lower management groups 
tend to develop protective mechanisms which, although more elaborate and consid- 
erably more costly to the organization, are psychologically identical to those devel- 
oped by workers to defeat the administration of individual incentive plans” (p. 
150). l 
The insistence on dependency, on direction and control from the top, keeps 
subordinates from satisfying needs for self-esteem and self-actualization. It ignores 


the realistic fact that managers are dependent upon workers for the achievement of 


goals. Managerial expectations of childish behavior by subordinates may set off the 
very actions which are feared. Men who conform willingly to the demands of su- 
petiors may make very poor leaders for the organization in the future, because the 
conventional policies drive out the individualist, the person who thinks for him- 
self, so that he is not available to step into a leadership role. z 

It is easy to see that I am enthusiastic about this book. I could find a few points 
to criticize, or at least could allege that they should have been handled differently, 
but any such comments would be out of place because the overall gestalt of the 
book is so good. I hope that teachers of industrial psychology and personnel ad- 
ministration will immediately start requiring it of their students; and, even more 
important, that they learn to think about industrial problems in this framework ae 
stead of according to the obsolete assumptions of Theory X—which, like Brand X, 
deserves only the ash-heap. 


Wayne State University 3 sz 


Applications of Information Theory to Psychology: A Summary of Basic Con- 
cepts, Methods, and Results. By FRED ATTNEAVE. New York, Henry Holt and 
Company, 1959. Pp. vii, 120. $3.75. i i 

In this clear, compact little book, Attneave's main aim is “to ee da Ea 
knowledge of the subject to the reader whose prior acquaintance with itis mor 


pendix on “The Calculation of Information Measures from Variance Statistics ; 


@ second appendix containing tables of logs # for » = 1000 and a # log: » for 


% = 500 and a graph of p log: 1/p; and an index. 


*/. 2 
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Chapter headings are “Information: from intuitive to quantitative concepts” (12 
pp-); “The uncertainty and redundancy of happenings in a sequence’ (28 pp), 
“Man's ability to transmit information” (38 pp.), “A new approach to some old 
problems” (8 pp.)- 

Attneave’s first intention “to set forth a comprehensive survey of informational 
methods useful in psychological research . . . in enough detail to make them avail- 
able . . . as practical research tools” (p. vi), has been fulfilled successfully, and 
Attneave is consistently alert to the general problems of psychology 

The intention to discuss “those areas in which the informational concepts have 
contributed to a reformulation of old problems in terms which suggest new and 
profitable lines of investigation” (p. vi) has not been fulfilled as satisfactorily. 
Although Attneave’s selection is judicious, his organization creative, and his sug- 
gestions for new lines of investigation stimulating, the brevity of the last chapter 
(and perhaps of the few pages which precede it) interferes with the appreciation 
of the psychological problems to which these new methods can be applied. Thus, 
a discussion of Oldfield’s ideas on encoding (in 35 lings) can give the reader a 
bare idea of Oldfield’s thinking, but the three lines on the perceptual and cogni- 
tive schemata of Woodworth and Bartlett (really quite important, in Attneave's 
view) can provide only an identifying reference. In a new field of research, what 
has been done may, however, be less important than conveying some idea of what 
cam be done—of the areas in which application has not yet been made. In his last 
chapter, Attneave attempts to sketch the applicable concepts by example; he has, 
however, simply not used enough space (about a dozen pages, counting the eight 
pages in the last chapter) for this. 

_ Consider the use of measures of information-theory, which provide an alterna- 
tive scaling method to the more conventional psychophysics of discrimination (yield- 
ing quite different results). This in itself, of course, constitutes psychological 

(and engineering) application but, without a general programmatic psychological 
Purpose, we don’t know how to extend it to other problems. Aside from scaling 
for scaling’s sake, one major aim of the traditional search for the jnd was to deter- 
mine the “elements of the mind”; bits, which are dimensionless and lack attribu- 
tive quality, cannot substitute for the jnd in this sense (j.e, we can analyze ‘experi 
ence’ into bits as well as into jnds, but we could not reconstitute it from the former 
RS thought possible with the latter). As a second use, bits may provide 
units for some form of decision-theory model, but then decision-theory would pro- 
vide the framework for application, not information-theory. Finally, we may build 
‘subjective scales’ to use as tools in other areas: scales of identifiability built from 
jnds seem to be invalid when tested against informational measurements, and the bit 
clearly has greater ‘face-validity’ and hetermodal generality than the jnd as a unit 
of identifiability, ‘Identifiability’ as a construct extends some unspecified distance 
beyond information-measurement, and very little in the way of actual validation is 
discussed in this book. All jands were also once assumed equal, and the cross-dimen- 
sional comparability of the bit for psychological purposes is really an empirical, 
not a mathematical question.) 

There is clearly more ‘psychology’ in ‘information-theory’ than these measures 
which are “as completely neutral with respect to psychological schools and con- 
troversies as is analysis of variance or %*' (p. 81), otherwise the widespread inter- 
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ct is inexplicable: “it would be quite unrealistic to deny that certain broad 
cepts of information theory, which have little or nothing to do with specific 
tistical techniques, are also having their effect on psychological thinking. . . « 
concepts of information theory are peculiarly compatible with certain points of 
view in psychology” (p. 81). If this is true, and I believe it is, we should be 
given a more explicit discussion of such transferrable broad concepts and of what 
occasions such compatibility. 

Is it simply the central place held by probability mathematics, as in the 
of Brunswik, Binder, Estes, Bush, etc., that makes for compatibility? 1 do not 
think so, since Attneave includes the hypothetical nerve-nets of Pitts and McCulloch, 
which are not at all probabilistic in the same sense. Is it the use of computer 
analogies to human behavior? “That the nervous system is a complex communica- 
tions network, that the brain functions as a kind of computer. . - - Although many 
psychologists . . . argue that other approaches . . . are more productive, few would 
[hold] . . . that this point of view is untenable or erroneous” (p. 42). It seems 
to me, however, that this is really only an up-to-date version of one 
Western feeling, that “man is ‘only’ a machine”; it may have emotional appeal, but 
no usable content until the specific kind of machine is spelled out—and that leaves 
us with the very question whose answer we seek. 

What to me seems to comprise the heart of the psychological application of in- 
formation theory is that, without invoking any physical or physiological models at 
all, it “offers a methodology for quantifying organizations and patterning, . « hel 
ganization is demonstrably measurable in informational terms: roughly 
organization and redundancy are the same” (p. 82), and these measures can be 
applied both to stimulation and response, to ‘input’ and ‘output.’ Much of the 
theoretical superstructure which has encumbered psychology, bas been erected be- 
cause of the absence of such techniques. Earlier associationist attempts to deal with 
patterns of stimulus-variables, or resultant responses, broke these into associations 
between local patches of stimulation and local fragments of experience because there 
were no tools to measure organization, nor any plausible physiological mechanisms 
by which to explain it. Similarly, Gestalt theory attempted to talk about laws of 
grouping” (only now being pushed into some form of testability) and speculative 
Physiological analyses of organization (via “psychophysiological nee eee ore 
of a mixture of physical chemistry and primitive network-analogies). With today's 
informational approach, “Gestalt psychologists must now be prepared to see iheir 


not been fully exploited, and other tools lightly sketched by Attneave (such as 
the measures of “topological information content” of Rashevsky and of Trucco, 
McKay's “Logon content,” and the Pollack-Klemmer “coordinality ) promise more 
powerful application to more ‘natural’ stimulus-variables. a > 

Although I wish that the final chapter had been twice or three times its published 
length, this is an excellent book, which fulfills most of its intentions and meets an 
acute need. 


Cornell University JULIAN HOCHBERG 
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An Anatomy of Leadership: Princes, Heroes, and Supermen. By EUGENE E. JEN- 
NINGS. New York, Harper & Bros., 1960. Pp. xvi, 256. $3.75. 

This book is written in the same easily comprehended, popular style of the 
Lonely Crowd and the Organization Man. Like these, the book is a commentary 
upon the current American scene. Yet, it is more. For it contains the best brief 
summary available of psychoanalytic and philosophical thinking on leadership. But 
inevitably, this discourse forces the author to devote much space to the situation- 
person controversy which this reviewer regards as a metaphysical issue since either 
or both can be shown to vary in importance from one circumstance to another. 

The author sacrifices conceptual utility and elegance for conventional, and there- 
fore more easily understood, labels. Using brief sketches of tycoons of the past, the 
book becomes a polemic against bigness, conformity, teamwork, and consumption. 
There are good guys and bad guys. Leaders are good guys; executives are bad guys. 
A leader is a heroic, persuasive, risk-taking innovator who is willing to attempt 
and ultimately succeeds in getting other people to follow him for their own good. 
This hero may turn into a superman who goes beyond rational and empirical data 
depending on faith, action, and intuition, Current heroes in American society are 
likely to be heroes of leisure and consumption. 

The bad guy, the executive, is the efficient executor of plans already developed. 
He is the self-oriented prince whose goals center in the struggle for increasing his 
own power. While he is now less likely to use coercion to maintain himself in 
office, he still maintains his power in the guise of the team captain who ostensibly 
permits the team to make the decisions. He is more subtle in manipulating people 
and involves himself in less risk. 

Jennings’ list of characteristics describing his superior man (the very good guy) 
following a flippant review about the decline and fall of the summarizers of the 
traits of leadership, brought to mind images of noble college faculty orators. The 
image was fixated later by: “perhaps once every 5 to 7 years (the superior man) 
should be given a year off with pay so that he can read and study and perhaps even 
write” (p. 239). 

Sociological writing today is reminiscent of the classic literature of Ancient 
Greece which looked wistfully back to a golden age of heroes, of task-oriented 
demigods, of supermen who knew what was Right, who had an absolute sense of 
conviction in what was the good, when men were men, boys were boys and goals 
were clear. Today we live in an age of skepticism, specialization, adjustment, CON- 
sumption, and conformity. New leadership in production is less required in the 
western world than new leadership in solving our social problems and our problems 
of consumption. The abilities of these new leaders even in production may be very 
different from the cunning princes or visionary heroes of the past, 

Looking at past behavior of leaders may provide few clues as to what is to be 
demanded in this new world of technological advance in communication and organi- 
zation since 1950. We may need to design radically new ways of organizing groups 
of men (and computers?) of diverse technical competence speaking different tech- 
nical languages to work codperatively and relate to each other rather than bolster 
our potential hero-princes. The development of the atomic submarine or of Polaris 
involved not only heroes like Rickover but new concepts of organization. 

Social scientists concerned with the current American scene, are victimized by 
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their own projections and value judgments. The sociologist seems unable to free 
himself from the role of participant despite his desire to be a dispassionate observer. 
Yet, these commentators write with more conviction and certitude than the typical 
experimentalist. Unfortunately for the commentators, organizations differ from 
loose confederacies to highly centralized one-man companies. Executives differ 
also from being Jennings-like heroes of high culture, sensitivity, brilliance, and 
perspective to being the highly selforiented and narrow minded bad guys. The 
Whytes, Riesmans and Jennings generalize from small samples. Often, their main 
propositions are drawn from the writings of contemporary popular literature 
written by a highly select group of observer-interpreters with their own axes to 
grind. 

Although most needed now is the application of controlled experimentation to 
the study of leadership and organization, and despite my misgivings about the con- 
clusions of the author, I found it refreshing to read such a scholarly presentation. 
Moreover, commentators such as Jennings are needed in scientific work to inject 
issues of values and ideals where the more pedestrian amongst us fear to make out 
own wishes; norms and personal beliefs known. In a sense with this book, Jennings 
adds his own name to the long list of political philosophers beginning with Plato 


whose views he well summarized and expanded upon. B 
Louisiana State University BERNARD M. 


Motivation: A Systematic Reinterpretation. By Datei BINDRA. New Yorke a 
Ronald Press, 1959. Pp. iii, 361. $5.50. 

We owe thanks to Dalbir Bindra for this interesting discussion of some causes 
of some motivational phenomena. He could easily be criticized for what he did not 
attempt to do or for what he did not achieve, but such criticism might hide the 
clarity that students of all levels can find in this book. Let us look at the achieve- 
ment. 

The achievement is a victory of theoretical and empirical restraint in a time of 
the broad romantic sweep in the study of things motivational that is represented ip 
the Nebraska Symposia, the regrowth of genetic thinking in behavior analysis, j 
pansion of personality and social psychologies and the confusing breakdown o0 
methodological canons as summarized by Koch in the third volume pi Ea ras 
A report. Those who feel overfed by such richnesses may find in Bindra's book a 
temporary antidote. : i 

The distractions listed above have not kept Bindra from his task. His task is to 
reshuffle the animal experiments on motivation into a conceptual KDR NET 
flects some of the insights derived from the analysis of instrumental activi © d $ 
in fact, is what “motivational phenomena” are to Bindra—important interdepen a 
classes of instrumental acts the interdependence of which have been documente 
experimentally. 

Bindra decides not to argue about responses as mo 
tion of acts as observable pines of pee Ht which are classed eene ae 
they affect the observable world in a similar way. In fact, they a an o iS 
in seeking a “goal,” which is “an incentive that is chosen by the in 
teference point for describing observed behavior.” He returns to eae as 
Of goal seeking as “imminent in action,” d then analyzes this notion an 


vements, but accepts the no- 
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dimensions which can be measured. To be goal directed, an act must have 
gree of at least one of the following, somewhat orthogonal, properties: “ 
priateness,” “persistence,” and “searching.” 

There is careful thinking here, and this is an achievement, albeit a limited on 
The limit arises, in part, because Bindra’s notion of “appropriateness” is © 
“meaningful” when applied to a sample of behavior which represents repeated 
under conditions of controlled variation in the stimuli connected with the goal. 
limit, however, does no harm because Bindra deals only with data that stay 
such limits (with the exception of a few Hebbian experimental anecdotes 
occasionally serve the ancient role of “experimentum crucis.” ) 

Then, if we are of a mind to ask, “how does behavior become goal-di 
we will find the ready, though charmingly tentative, answer: repeate’ or 
exposure to a situation is probably necessary, and it is mighty signi -ant to 
that there is a selective strengthening (or reinforcement) of certain of he resp 
that occur in a matrix of general activity. 

Bindra decided to deal with goal-directed activities organized around the no 
aspect of the environment (exploration), all activities organized around a 
interval (general activity), around problems (problem-seeking, including pl 
around terminating an existing stimulus-situation (withdrawal and agg‘ossive 
ities), around food and water transfer (eating and drinking), around the “g 
function” (sexual activity) and around offspring (maternal activities). Such clas 
of activities become recognizably “goal-directed” in all animals, they also “seem to 
emerge from a state of high excitement, lacking direction.” Most important, they 
all display dramatically the control on behavior from internal and external co 
tions. The book is then dedicated to showing a student (or an expert) how 
peated experience and reinforcers help the class to emerge recognizably, and h 
various kinds of external and internal conditions have similar effects on all these 
important response classes. 

Bindra believes simply in talking about things motivational without a W 

about “motives” or “drives.” Part of the pleasure of reading the book is to 
how he avoids doing the latter by organizing the book according to the common cla 
of controlling conditions rather than the motivational classes. This keeps him fi 
talking too long at any one time about any particular property (habit-stren 
goal-directedness, level of arousal) of any particular set of motivational activi 
thus decreasing the probability of a slip into inherited or other postulated dri 
; This is, then, a behavioristic treatment of some motives defined “on the respon 
side” as the Hullians might say, in order that some limited generalizations 
garding controlling factors could be induced in a clear manner. It emphasizes 
fact that, by behaviorist rules, it is impossible to distinguish operationally (as yet 
between a “drive” and a strong, integrated “habit.” Sensory cues, arousal states, 
and blood factors are all considered, along with reinforcers, as independent V 
bles in the development or control of such strong habits. : 

Of course, for some readers, these may not be the wear in motivational fa 
Even if this is the case, there are some highlights that a responsible teacher or 
searcher will not want to miss. The most dispassionate and cogent discussion 
the action and nature of reinforcers that this writer has seen for some time, @ 
sible openness to physiological facts and even tentative theoretical speculation (Hi 
in one of his roles); a brave attempt to put “functional autonomy” in its place; @ 
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succinct set of suggestions about how to go about achieving a similar set of func- 
tional relationships for human motivation. 

Although these latter suggestions are cogent, and possibly even useful, they are 
advanced without much attempt to do other than dismiss human motivational re- 
search to date as too much in the hands of “frequency” counters. Here the rich- 
ness of the present scene comes back to haunt Bindra’s last chapter—there is more 
afoot in the study of human motives than he makes us aware of. 

Bindra’s book will probably be more useful as a text—and it has all the signs 
of a good one—than as a stimulator of research. His empirically-based adumbra- 
tions of neurophysiological mechanisms may suggest studies, as will his frequent 
requests for needed experiments in the context of his review. But there are few 
signs of the fresh yeast one finds in Berlyne’s work on human curiosity, McClel- 
land's attempt at a broad integrative sweep, or Whiting and Child’s stretching to 
subsume fresh realms of data. But when, these developments, as well as most of 
the data in Bindra’s book, arose from the age of the “drive doctrine.” Bindra has 
presented one clear alternative that deserves careful perusal and the test of time. 

Cornell University W. W. LAMBERT 


Developmental Psychology. By ELIZABETH HURLOCK. Second edition. New York, 
McGraw-Hill, 1959. Pp. 630. $6.50. 

In this revision of her 1953 textbook, Hurlock seeks to give “as complete a 
picture as possible of the developmental changes of the total life span of a nonnai 
human being.” She describes the major areas of development of each of clever Sa 
from conception to old age, with considerable emphasis on the'adjustmeat mE 
sitated by the maturational process. Some consideration is given to possible causes 
for deviation from what she describes as normal development and normal adj i 

Hurlock states a clear bias toward the longitudinal method as the best 
technique for studying human development, and she leans heavily on üsta pom such 
studies when they exist. She also emphasizes the importance of the solution of m 
cal problems as a motivating force behind research in this area. These two pen 
seem to have been primary ones in her selection of studies, rather ci ate 
theoretical orientation. In this revised edition, studies are drawn primarily from rs 
literature since 1940, and there is more material concerning the cultural EES 
on development than in her earlier book. : 

The two chapters on middle age are new. Hurlock begins with a rather oe 
picture of the period from 40 to 60 as one of the most dreaded ee k B 
development, resulting, she feels, from a cultural stereotype which Hae e E 4 
as one of mental and physical deterioration accompanying the cessation OF ireproms 


tive life. 

Hurlock describes this as a period when the individual ought to reach the peak E 
financial and social success, and reap the benefits of the years of preparation = 
hard work which preceded it. She also, describes it as a period g nee 
many adjustments, when changes in physical appearance, energy, ely x ot 
roles within the family cause re-adjustment, and changing Cae andia 
and the community necessitate a major revision of the self-concept o! 5 S ek 

The first of these chapters deals in detail on the physical changes of the Bite 
the second concentrates on the changes in work and family roles and gees ni ‘he 
Much of the material on adjustment to these changes seems to be repetitive 1 
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two chapters, Since interest in this age-group as a separate stage of development 
has come about rather recently, subject matter for these chapters tends to be 
descriptive and has been drawn from a variety of statistical, sociological, and 
medical sources with a sprinkling of experimental psychological and sociological 
research, 

Any text which covers so wide an’age-span as this one must of necessity give a 
rather small sample of material on each of the various stages of development, and 
psychologists with a theoretical bias will undoubtedly be critical of the two 
criteria used for selection of the studies. The developmental material (particularly 
the physical aspects) is well reported and inclusive, but when the author points 
to studies which offer reasons for deviation from the normal pattern of development 
or solutions to adjustment problems the evidence often seems more tenuous than 
the author indicates. There is a quality of ‘oughtness’ which is more typical of an 
earlier era of developmental psychology which will be objectionable to the psy- 
chologists oriented toward research, who will perhaps believe that researches in 
this field still do not clearly indicate what the normal adjustment to the various 
stages ought to be. 

Cornell University CLARA P. MELVILLE 


Rigidity of Behavior: A Variational Approach to the Effect of Einstellung. By 
ABRAHAM S. LUCHINS and EDITH HIRSCH Lucuins. Oregon, University of Oregon 
Book, 1959. Pp. xi, 623. $10.00. 

From time to time a particular concept has captured phychologists’ attention, re 
sulting in a multitude of studies, scattered here and there in the literature, offering 
similar or contradictory evidence and little closure. Thus the Luchins’ book comes 
as a welcome surprise in its attempt to reéxamine the existing knowledge about the 
concept of rigidity and to reconcile it with the results of their many original and 
often ingenious experiments in this area. 

The authors argue for the greater use of an empirical and “phenomenon-centered” 
methodology and indeed their work on rigid behavior is a persuasive demonstration 
of the fruitfulness of this approach. The major part of their experimental work is 
organized around variations of what the authors call the “extremum principle,” 
namely the manipulation of those variables (e.g. task and environmental, instruc- 
tions, etc.) which might maximize or minimize the degree of rigid behavior €x- 
pressed. Their careful pursuit of this method has led to the interesting conclusion 
that rigidity is more often than not a nonlinear function of the conditions which 
determine it. 

Perhaps the most disappointing part of the book is the writers’ treatment of the 
relationship between concrete thinking and rigid behavior. To date, the nature of 
this relationship has often been obscured by imprecise definitions and a tendency tO 
use these concepts synonymously, Although the Luchins recognize these points and 
attempt to provide a more adequate conceptualization of these phenomena, they are 
not successful, Thus no new systematized formulation is offered and the authors 
revert back to the traditional criteria of classifying levels of concept-formation when 

they experimentally investigate the relationship between concreteness and rigidity. 
The inconsistent results add further to the confusion already existent and the writers’ 
conclusion that “conceptual behavior may depend less on the degree of rigidity and 
more on the particular testing instrument” (p. 162), only begs the question. 
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Although some interesting conclusions are drawn from the wealth of material 
presented, one is left somewhat frustrated by the authors’ over-zealous appeal 
the importance of field conditions in determining the degree 
nomenon may occur at any given time. Thus they are loath to acknowledge 
some individuals may be described as more rigid than others and when they evaluate 
the nature of the relationship between rigid behavior and such variables as preju- 
“dice, anxicty, etc. they seem content with the conclusion that if you change the 
conditions, you change the nature of the relationship. While hasty 

based on unreliable measuring instruments or limited populations should be avoided, 
it is unfortunate that the Luchins use so much restraint when they have available 
the results of so many carefully planned and executed experiments. 

Despite these criticisms the writers offer us a comprehensive presentation of the 
status of the phenomenon of rigid behavior, and leave us not only with considerable 
closure about it but with many provocative research ideas for the future. 

McLean Hospital, Belmont, Massachusetts IRENE R. PIERCE 
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Anatomy and Physiology of Speech. By HAROLD M. Kaptan. New York, Mc- 
Graw-Hill Book Co., 1960. Pp. ix, 365. $8.50. 

Dr. Kaplan, Chairman of the Department of Physiology at Southern Illinois Uni- 
versity has taught anatomy and physiology for twenty-five years. The interest repre 
sented by this book was developed largely through instruction of students of per 
correction. The writing is clear, systematic and quite comprehensive, The point of 
view brings together a rare combination of structure with function, of the anatomy 
of speech seen in terms of its physiology. Recent advances in Oe understanding of 
the neural foundations of speech are integrated into a chapter which begins with an 
elementary coverage of the nerve impulse and the reflex arc. The author presents 
Other basic anatomical concepts, such as discussions of the cell and of tpai Major 
coverage is given to autonomic and endocrine regulators of speech, bigot. e 
larynx, pharynx, palate, and structures similarly participating 19 theri Leticloxy 
phonation, resonation, and articulation. The anatomy of the =e and the d 
of hearing are included along with some basic coverage of ti aaiae 
audiometry. A clearly written glossary increases the book's usefulness to ri 
This should be regarded primarily as @ textbook rather than a reference soe 
though it is sufficiently unique and systematic to ig aches Wire 
of speech pathology. 

University of California, Los Angeles 


y F. Mack. New York, Henry Holt and Company, 


JosepH G. SHEEHAN 


cent Statistics. By SIDNE 
0. Pp. ix, 198. $4.50. 
This book is perhaps the best of a small but growing w -oa 
mentary statistics written by mathematicians for the non-technical, #.¢. Si Seren 
student. Although recognizing the obvious, but often repressed, va t i me 
is applied mathematics and requires some of the basic skills lee ab ae the 
exposition does not make excessive demands of the student. The approa' an pac 
mathematician here is entirely a gain as it has prodji A e ei 
fidence of exposition. i d 
After a helpful introduction the book begins with a M 
Which covers the basic concepts and operations which ase 


athematics refresher” 
throughout the book. 
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The section is detailed and stoops to real fundamentals; e.g. the arithmetic of frac- 
tions, the definitions of accuracy, and linear equations and graphs. It is artfully 
done, The discussion of fractions teaches the permissible operations of algebra; a 
section on inequalities and absolute value acquaints the student with the definition of 
a range of values satisfying an equation. Two chapters are devoted to fundamentals 
of probability and probability distributions; a single chapter treats the normal dis- 
tribution; and three chapters discuss sampling distributions, statistical estimation and 
hypothesis testing. Large sample applications are discussed exclusively. Chi-square 
and the /-distribution are covered in a single chapter. The last chapter presents 
linear correlation and regression. The emphasis here also is upon basic understanding 
rather than computation. The least squares line is derived without appeal to the 
calculus. 

The emphasis throughout is upon a thorough teaching of the fundamentals. Some 
of the usual frills, such as endless verbal discussion of descriptive statistics and the 
computation of r, are omitted. The usual experimental design topics are not covered. 
Discussion of sampling distributions and hypothesis testing are restricted to the single- 
sample case. The distribution of differences is not treated. Computational methods 
are derived in an appendix along with derivations of the mean and standard devia- 
tion of the binomial variate and of standard scores. 

Some restriction in the range of topics covered and the lack of cute verbal ex- 
position may handicap this book in the soft disciplines. This would be entirely te- 
grettable. Students should derive from the book little of the usual jargon and com- 
putational mechanics so quickly forgotten and should achieve some real understand- 
0g: of the simple and precise notions hidden in the usual study of elementary 
statistics. 


University of Illinois Harotp W. HAKE 


Letters of Sigmund Freud. Selected and edited by Ernst L. Freup. Translated 
by Tania and James Stern. New York, Basic Books, Inc., 1960. Pp 470. $7.50. 


Sigmund Freud's son has selected a small sample of 315 out of the many 
thousands of letters that Freud wrote. He confined his selection, as he states, “to 
letters of a more personal kind in the hope that those who know Sigmund Freud 
only from his work shall receive here a portrait of the man, of the percipient, 
thinking, battling human being.” 

The chief criticism the reviewer has to make about this selection is that it leaves 
out some of the more dramatic and revealing of Freud's letters. This one can 
infer from comparing the sample of seven letters to Fleiss with the previously 
published collection of the Fleiss’ correspondence, The letters selected are quite con- 
ventional and give no picture of the dramatic relationship that existed between these 
men. In spite of this qualification, it is worthwhile to have even this small addition to 
the published letters of Freud. It is hoped that many more of the thousands that are 
still held from publications will some day be made public. 

Washington University Medical School Epwin F. GILDEA 
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THE KNOWN-SIZE-APPARENT-DISTANCE HYPOTHESIS 
By Wiliam EPSTEIN, University of Kansas 


Most textbook-discussions of space perception include an enumeration 
of the cues to apparent distance. Among these cues, ‘known size’ usually 
is represented as a powerful determinant of static localization under con- 
ditions of monocular observation. Discrete changes in the size of the 
retinal image of an object whose known size remains constant are per 
ceived as corresponding changes in the apparent distance of that object. 
The identified object is localized at the point in space at which an object 
of physical size equal to the known size would have to be located in 
order to yield the’ given retinal size. 


An ingenious demonstration of this effect has been reported by Ittelson.* In 
experiment, three playing cards were presented singly to 0 under conditions ol 
complete reduction. Each of the cards was placed at the same physical distance z 
O. The task for O was to adjust a comparison-stimulus of familiar size Ta 
Was presented separately until the comparison-object and the standard playing F 
appeared to be at the same distance. The neat turn in the experiment concerns e 
sizes of the three cards: one was a normal-sized card, all the dimensions of another 
one were doubled, while the dimensions of the third card were halved. In this ian 
tion, the only cue available for the estimation of distance was retinal size = = 
varies directly with changes in physical size when distance is constant. €! 
known size is invariant, these changes in retinal size ought to be perceiv' l s 
changes in distance and not as changes in size. The larger card should be localize 
at a point halfway between O and the distance at which the normal card is per- 
ceived, and the smaller card should be localized at twice the distance of the: nor- 
mal card. The results for five Os confirmed these expectations almost exactly. 

This experiment often has been cited in the psychological literature as an jig 
sive demonstration of the effectiveness of the known-size cue. It also has been su 


z Gran! 
* Received for publication May 20, 1960. This study was supported by 
B33 from the Public "Health Serie ats author bs pesca P pen. 
atdy for | ssist in performing the experimen Aor i 
wW. H. Tttelson, ‘Sine PA cae to distance: Static localization, this JOURNAL, — 
64, 1951, 54-67. 
id., 64. 
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jected to considerable criticism. Hochberg and Hochberg have argued that Ittelson 
and others have failed to distinguish between familiar size, on the one hand, and 
the relative size of the stimulus-objects on the other hand, (/.e. change or difference 
in size of similar shapes) .* 

For this reason, Hochberg and Hochberg designed an experiment in which fami- 
liar size and relative size were separated“ Two figures were presented in a two- 
dimensional, reversible-screen drawing. One panel contained a drawing of a man, 
and on the other panel a boy of the same size and approximate contour was rep- 
resented. The question asked was whether the panel with the boy would appear to 
be nearer more often than the panel containing the man, a result to be expected if 
familiar size determined apparent localization. The results showed that familiar size 
was ineffective in this situation. 

In a second experiment, the effectiveness of relative size was tested. ‘Ihe same 
procedure was followed with one difference. Whereas the first experiment hild rela- 
tive size constant while familiar size was varied, the second experiment helo “miliar 
size constant while varying relative size. Both panels contained drawings of the 
same boy, but one was a reduced version of the other. Here, relative size would lead 
to localizing the panel containing the larger boy nearer than the other panel. The 
results were in agreement with this expectation. These findings led the authors to 
suggest that there may be a stimulus-bound correlation between retinal size and per- 
ceived distance which makes the postulation of unconscious assumptions (about 
known size) unnecessary. 

Tttelson has criticized both the methodology and the interpretation of Hochberg, 
and Hochberg and they, in turn, have replied to Ittelson’s objections.’ Instead of 
considering these arguments, it will be more instructive to describe briefly an experi- 
ment by Gogel, Hartman, and Harker? The problem for these investigators was to 

investigate whether the retinal subtense of a familiar object can act as a determiner 
of the apparent absolute distance of that object from the observer."* This study em- 
ployed a nonvisual method of measuring perceived distance of the object. O was asked 
er ry the pate distance without seeing the results of the throw. Since 
Garer Poe t lead to a relative judgment of distance, only the response 
a T RE is first perceived was considered in measuring the absolute dis- 

e ject perceived. The stimulus-object was a normal or double-sized 
playing card, located at a distance of 10 or 20 ft. in a reduced- 

The distance-responses for the object initially presented d 
expectations which follow from the hypothesis, Not only did the 

*C. B. Hochberg and J. E. Hochberg, 


. Psychol.. 34 i Familiar size and the perception of depth, 
E familiar pate Se 114. J. E. Hochberg and Edward McAlister, Relative size 


cue situation. 
id not confirm the 
results fail to agree 


294-97. € perception of represented depth, this JOURNAL, 68, 1955, 
Hochberg and Hochbe i 
® Tbid., 111. TBO eje 


° Ittelson, A note on ‘Familiar size and i 
1355, See nd the Perception of depth,’ J. Psychol., 35, 
depth, ibid., 36, peter ds Hochberg, Familiar size and subception in perceived 

` W. C. Gogel, B. O. Hartman, and G. S, 
obice as a determiner of apparent distance, 

*Thid., 1. 


Harker, The retinal size of a familiar 
Psychol. Monogr., 71, 1957, (No. 442). 
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‘with any precise predictions of apparent localization, e.g. the double-sized card at 
physical distance of 20 ft. should be localized at 10 ft, but the less stringent 
prediction, e.g. the double-sized card will appear to be nearer than the normal card, 
was not confirmed. Under these conditions, perceived distance was totally unrelated 
to retinal size. 

When a similar analysis was performed for all of the four reduced-cue situations 
collectively (i.e. the same Os in all four situations), partial support was obtained 
for the hypothesis of apparent size and distance in its less precise formulation. The 
implication of this finding is clear. The secondary analysis shows only that the 
perception re/ative-distance, as some function of relative retinal subtense, can occur 
for successively presented stimuli. 


It seems fair to say on the basis of this review that the role of known 
size in the perception of distance is in doubt. The several studies to be 
reported here were designed to explore the question further, In experi- 
ment I, an attempt was made to modify the normal assumptions concern- 
ing the size of familiar objects in order to see whether appropriate 
changes in perceptual experience would result, The second experiment 
was intended to determine whether relative size of similar objects is a 
Sufficient cue for apparent localization in an analogous situation. The 
purpose of the third experiment was to determine whether any systematic 
t localization-responses could be observed in the absence of cues of known- 
size and relative-size. 


EXPERIMENT I 


If the critical factor in demonstrations like those reported by Ittelson 


is an assumption concerning the size of the perceived object, then changes 
e object under 


in this assumption should modify the effect with regard to th : 
= consideration, There is evidence that this may occur 1n other instances 
_ when assumptions are believed to determine perceptual experience. The 
distorted room experiments may be taken as an illustration of this 
phenomenon.® When O is allowed to perform some purposeful rages 
during which he learns about the true shape of the room, then the dis- 
tortions in apparent size originally obtained disappear. Size-constancy 1$ 
reinstated because the erroneous distance-estimates upon which the size 
distortions are partially based are corrected as a result of the modification 


in O's ‘assumptive world.’ F 
In the present study, O was placed in a situation suber 
likely to alter radically his notions about the size of playing i 
F: j jonal Point of 
"F. P. Ki i Human Behavior from the Transactiona f 
View, rp Weiner, Perceptual developmen Heys ae room 
phenomenological study, Psychol. Monogr, 70, 1956, i ; 
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then was required to make judgments of distance under experimental con- 
ditions similar to Ittelson’s in all important respects.*° A control group 
made similar judgments without any prior modifying experience. 


Apparatus. The “Thereness-Thatness Table’ was used in all of the experiments re- 
ported in this paper. This apparatus is described in detail in the construction- 
manual for the Ames demonstrations in perception." It is designed to permit E to 
present the standard- and comparison-stimulus-objects in separate fields. One field, 
which is viewed monocularly, containg only the standard object. The other field, 
which is viewed binocularly, contains the variable object with which the standard 
is compared. In the present instance, the distance of the comparison-object from O 
can be varied continuously, or in discrete steps, by moving it along a track. The 
field containing the standard is in complete darkness. The field containing the 
variable is dimly illuminated, allowing O to see the comparison-object and a series 
of vertical guideposts along the left side of the alley wall. 

Materials. The following stimulus-materials were used: 


(a) Five full decks of playing cards were obtained. One was of normal size 
(34% X 2% in.); two were larger than normal (one twice and one three times); 
and two were smaller than normal (one one-half and the other quarter size) 

_ (b) Five photographs were taken of the ‘three of clubs.’ One was of normal 
size (314 X 2% in.), two were enlargements (one twice and the other three times 
the normal size), and two were reductions (one-half and one-quarter of normal 
size). Except for differences in size, the five photographs were identical. They 
were mounted and used as the standard cards in the judgments of distance. 

(c) An additional set of 16 photographs of the ‘three of clubs’ ranging in equal 
steps from Yq normal size to 334 normal size was prepared. These photographs 
were mounted on a black cardboard and were arranged in three rows in order of 


size, 

(d) Another set of stimulus-cards consisted of five blank rectangles of white 
cardboard which were identical in linear dimensions with the five photographs de- 
ees e. A series of 16 rectangles which paralleled the playing cards also was 

(e) The compatison-object in al i -si f 
eN pari ject in all the experiments was a normal-size package 0 

Procedure. Every O served individually. The procedure described here was fol- 
lowed for both the experimental and control groups with one exception: the first 
stage was omitted for the control group. 

In the first stage, the experimental O was brought into a normally illuminated 
room and was seated at a table opposite E. On the table were the five decks of cards 
and a low screen which could be placed between E and O 
Since nae played the game quite seriously, it was necessary to allow him to 
ma is cards during the game by interposing the screen between his cards and E. 

pia then informed that he would be engaged in a variant of the familiar 
matching game called War. O's attention was called to the five different-sized 
cards, and E distributed six cards from each deck to O and to himself, E explained 
that the special rules of the game made card-size the criterial attribute for success. 
To wina round, a player had to match both the opponent's number and card-size. By 
pre-arranging the decks it was contrived that the five critical cards (the three of 
* Ittelson, op. cit, this JOURNAL, 64, 1951 54- 
^ Ittelson, The Ames Demonstration in ovine, 1952, 21-24. 


during the ensuing ‘game.’ 
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dubs) were always included among the cards distributed. The game usually re- 
quired about 10 min. for completion, and after the game O was asked to return 
ll the cards to their respective decks. 


The purpose of this game was to give O meaningful experience with cards of 
“different sizes, and, in this way, to accomplish a modification of his usual assump- 
tion concerning ‘normal’ card-size and the constancy of the physical size of cards. 
O then was blindfolded and led across the hall into a completely dark room. He 


In front of you on the right you will be shown a playing card [blank 

White cardboard] for 3-sec, which you will be able to see only with your 

4 i inmediate impression of how far this is from 
you, On the left you will be shown a aman package which you will be able to 
"see with both eyes. This package can moved toward or away ger a 
‘turning this handle. I wish you to adjust the distance of the <P ian ck until 
it appears to you to be at the same distance as the playing [blank rectangle 
Of white cardboard }.* 


Every O of both groups made 20 settings—one ascending and one descending— 
‘using each of the five playing cards and the five blank, white cards. Half in each 
“group were shown the playing cards first, and half the blank cards first. The order 
of presentation within each category was randomized according to a table of random 
numbers. Ascending settings were made first in half of the trials; descending first 
in the other half. The standard stimulus-object—the playing oF blank card—was 


M always 5 ft. from O's eyes. 
When these settings were completed, the procedure was rep aot ared to be 
O was instructed to select a card from the 16-member series which ap af 
tus To do this O had to turn 90 


to the left where the mounted series were suspen 
"5 ft, from his eyes. This task was performed under the 


ENow you will be shown each of the playing and ell 

ill be presented for 3-sec. After eac presen! F 

turn on the light. On your left you will see on the screen, 16 dif eS eine 

of these cards is the same size as the card seen in the hich oft the cards on 

as quickly as you can which one it is- That is, tell me th a tus. 

left appears to be the same size as the one you see in the appersine 

_ ested in your immediate first impression. fi 
F ` ions concerni 

The experiment was concluded with a prepared Sen oT te 

O's experience while making his judgments of distance N 


fecorded verbatim. ; z 
Observers. Forty students in an introductory course 1n ogee! any es ee 
None had served in an experiment similar to the present one an nine 
thing about the objective of this study or about problems in space Perc z a 
f men and women. Twenty Os served in the xpe! 


T were about an equal numb Spe eee Or 
2 About Er % of the Os asked to see the first stimulus twice. Only two Os made 


this request for later stimuli i end 
7 i 3 t size at the 

3 The Os in Ittelson’s studies were questioned ag es | 

_ Of the experiment No other effort was made to learn war es 


338 EPSTEIN 


mental Group, and 20 Os in the Control Group. They were assigned to one of the 
two groups in alternating order of their appearance in the laboratory. 


Results: (1) The first aspect of the results to be considered is a com- 
parison of the distance-judgments of the two groups. An inspection of the 
mean judgments of the distance given in Table I shows very little differ- 
ence between the groups. An analysis of variance confirms this impression 
(F = 1.2, with 1 and 38 df.). 

(2) A second point of interest is a comparison of the judgment. of the 
distance for playing and blank cards of the same size. A series sf suc- 
cessive contrasts at the 109% level, e.g. quarter-sized playing c rd vs. 
quarter-sized blank card, were performed using the Sheffe test.'* None of 
these differences was significant. 


TABLE I 
MEAN JUDGMENTS (IN FEET AND INCHES) OF APPARENT 
DISTANCE IN EXPERMENT I 


Height of stimulus-cards (in.) 


cards 0.875 1.75 3.5* 7.0 10.5 
Exper. Paying 83.2" 73.4" 5'8.0" = 44.4" 3 6.0” 
lank S OE E 5.2” 3711.0” 
Control Paying = 93-7" 85.8" S186 43.8" 34.9 
lank Sarees OA A 5247 g 1.7! 
* The height of a standard playing card is 3.5 in. 


Both of these findings are in disagreement with the requirements of the 
hypothesis that knowledge of size affects apparent distance. In the first 
case, the two groups do not differ despite the modifying experiences 
undergone by the Experimental Group. In the second case, no difference 
in judgment of apparent distance was obtained for objects of known 
size as compared with objects of unknown size (blank rectangles of card- 
board) .15 

@) The Sheffe-test Was used again to compare the playing cards of 
different sizes with each other and the blank cards of different sizes with 
each other, For this purpose the results from both groups were combined 
for each of the stimulus-cards, For example, the combined mean of the 
distance-judgments of the quarter-sized playing cards given by the Experi- 
mental and Control Os was compared with the combined mean of the 


* Henry Sheffe, The Analysis of Variance, 1959, 66 ff 
* An analysis of the judgments made b "the 10 r j 
cards first also confirms this statement, Bat an pA eoad oe Pe 


: 'mpt might be made to attribute 
the effects with the blank cards to the assumption ae ise-identity of Similar aedi, 
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half-sized playing card, and so forth. Only two differences between 
adjacent means with playing cards (the half-sized vs. normal and normal 
ys, the double-sized) were significant (p. < 0.10). Next, the differences 
between means one step removed from each other, e.g. quarter vs. normal 
or half vs. double size, were analyzed. All of these differences (six con- 
trasts were tested) were significant (p < 0.01). 

These results fail to confirm the stringent formulation of the hypothesis 
about known-size, and they are hardly comparable with the findings re- 
ported by Ittelson.’* Nevertheless, the outcome is not entirely incompatible 
with the less strict statement of the relationship between known size and 
apparent distance in that the smaller objects tended to be seen as farther 
away and the larger objects as nearer. 


TABLE II 
MEAN JUDGMENTS (IN INCHES) OF APPARENT HEIGHT IN EXPERIMENT I 
Height of stimulus-cards (in.)* 

G i a 

E Sie 0.875 1.75 kB 7.0 10.5 
Exper. layin; 1.9 2.7 3.8 5.6 6.2 

: Fuk 1.9 zi i a a 
Control layi 1.8 A 4 Š v 

ie RO 1.9 2.7 3.8 5.1 6.6 


* The height of a standard playing card is 3.5 in. 


(4) The mean judgments of apparent size for the various standards 
are shown in Table II. It is immediately obvious that the cards of different 
objective size also are perceived to be of different size. The smaller cards 
are judged to be smaller and the larger, to be larger. The smaller cards 
are not, however, judged to be as small as they actually are, nor are the 
larger judged to be as large as they really are. In other words, the smaller 
cards are overestimated, and the larger underestimated. — 

This finding makes the hypothesis under consideration even more ae 
tenable as an explanation of the differences in apparent distance Mie 
were obtained, The hypothesis asserts that when known size (and hence 


i i i i i orre- 
also perceived size) remains constant, any change in the size of the c 


sponding retinal image will be perceived as a change in distance. In the 


present experiment, however, differences in apparent distance H = 
ported even though perceived size varied with the size of the retinal image. 


The results reported by Ittelson 
cal data ever are. For example, 


the half-sized playing card at a physical distance of /- ere 
parent distance of 1499 ft. An apparent distance of 15.0 ft. would have consistitute 
perfect agreement with the theoretical requirement. 
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The objectively smaller cards were seen both as smaller and more distan 
the objectively larger, were judged to be both larger and nearer. A 

(5) The results of the post-experimental interview support much of > 
what has been reported. Of most importance is the unanimous report that 
the several cards whose distances were judged did not all appear to be 
the same size. All of the Os indicated that the size-matches made in the 
final stage of the experiment were also good estimates of the sizes of the 
cards perceived in the earlier part of the experiment. It should be added, 
however, that almost all Os insisted that they had not been concerned 
with the variable of size during the distance-settings. The Os in the Ex- 
perimental Group were asked what they thought the purpose of the ‘card- ` 
game’ was. None suggested any relationship between the game and the 
experimental observations which could be construed as signifying that 
information gained during the game was consciously employed while the 
distance-judgments were being made. 

The foregoing analysis has shown that the observed changes in apparent 
distance cannot be explained in terms of the hypothesis of known size 
and distance. The two experiments which are described below explore 
an alternative explanation of these effects, 


vr 


EXPERIMENT II 


Experiment II was performed to determine whether similar results would 
obtain when only relative retinal size is Operative. For figures of the same 
shape, difference in size may be a cue for the perception of a difference in 
distance, the larger one appearing to be nearer, For this purpose, stimulus- 
objects must be used which are not of any particular known size. Further- 
more, a set of objects is required which does not encourage the assumption 
of size-identity, i.e. that all of the objects are the same size, although the 
specific size of any of the particular objects may be unknown. 


Materials, Five disks of different diameter were cut from paper of different colors 
and mounted on corresponding disks of stiff cardboard. The diameters of the disks 
9.5, 1, 2, 4, and 6 in., and their colors were brown, blue, purple, green, and gray, 
respectively. Tt seems fairly certain that unmarked disks do not have a fixed sub- 
jective or assumed size. Furthermore, the use of different color reduces the likeli- 
hood of the identity of size. 

A series of 16 white circles ranging in diameter from 1⁄4, 1⁄, 1 and thence by Y-in. 
steps to 714 in., was mounted on a black cardboard in a manner identical with the 
ae procedure, The comparison-object was the cigarette package used in Experi- 

Procedure. The procedure was similar to that for the Control Group of Experi- 

ent I, with references to Playing cards deleted from the instructions and new 
questions added to the post-experimental interview, 
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Observers. Twenty students, drawn from the same population as those of Ex- 
periment I, served as Os. Half were men and half were women. 


Results. The results are presented in Table III. A three-part analysis 
of variance yielded a significant F of 18.44 (p < 0.01, with 4 and 76 
df.) for the means of the five stimulus-disks. Duncan's multiple-range 
test for multiple comparisons among individual means was then used.” 
The results of this analysis show that the means for the two larger disks 
are significantly different from the means for the two smaller ones. In 
addition, the mean judgments of distance for both the smaller and the 
larger disks differ significantly from the mean for the 2-in. disk. An 
inspection of Table III reveals that all these differences are in the ex- 
pected direction. The two smaller disks do not differ significantly from 
each other, and the same is true for the two larger disks. 


TABLE II 
MEAN JUDGMENTS (IN FEET AND INCHES) OF APPARENT DISTANCE 
AND SIZE IN II 
Physical diameter of disks (in.) 
Mean 
0.5 1 2 4 6 


s 1 m” ’ f n 4'7.6" 41.1" 38:8” 
pperent distance Cae ae 13.75" VAI ieee 
A ae “en 1p E 2.4 g 
ppe size RE 0.78" 077” 0.99" 0.96" 


The size-judgments show the same effects as in Experiment I. The 
objectively smaller disks are perceived to be smaller, but they are none- 
theless overestimated, The larger disks are perceived as larger, but their 
actual size is underestimated. 

The post-experimental interviews provided corroborative information. ros Ez 
Os reported that the disks appeared to them as five different objects o! bee: 
size, All of the Os agreed that the disks presented for size-judgment were a 
disks shown for distance-judgment, and that there size-matches also Ssa 
to the appearance of the disks when their distance was being judged. Finally Os 
reported that the disks appeared at different distances when their size was being 
judged. 

The results of Experiment II are very similar to those reported a 
Experiment I, The difficulties which were encountered in applying Pr 
hypothesis of known size to the results of Experiment I are compoun nf 
when a similar effort is made to account for the findings of Experim 


Research, rev. ed., 1960, 


“A. L. Edwards, Experimental Design in Psychological red with df. = 76, and 


Bot. The table of significant ‘studentized’ ranges was ente: 
= 0.05. 
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II in the same way. It is highly improbable that the effects obtained in 
Experiment II can be attributed to the operation of any assumptions con- 
cerning known size or size-identity. A more likely explanation is to be 
found in the influence of relative size on apparent distance. 


EXPERIMENT III 


In Experiment III both known and relative size were eliminated as 
possible determinants of apparent distance. 


Procedure, Each O was shown only one of the disks employed in Experiment II. 
Five different groups of Os participated in this study; each group judging the ap- 
parent distance and apparent size of one of the five standard disks. In addition, 
another minor change in procedure was introduced. Each O made four distance- 
judgments instead of only two. Of these, two were in ascending order, and two in 
descending order, in the sequence ADDA or DAAD, 


TABLE IV 


MEAN JUDGMENTS (IN FEET AND INCHES) OF APPARENT DISTANCE 
AND SIZE IN ExPERIMENT III 


Physical diameter of disks (in.) 


Mean 
0.5 1 2 4 6 
Apparent distance Lie i bed 6'6.0” 46.5" 410.0" 4'2.6" 
SD ETS 760% 2 13.757 1° 9.54" 18.107 
Apparent size 0.6" 1.50 2:0" 2.6" 330 
SD 1.04” 0.95” 0.69” 1.07” 1.31” 


Observers. Eighty students from the population sampled previously served as Qs. 
They were assigned to one of the five groups in the order of their appearance for 


the experimental session. Each group contained 16 Os about equally divided be- 
tween men and women. 


Results. The results are presented in Table IV. An analysis of variance 
yielded a significant F of 5.61 (p < 0.01 with 4 and 75 df.). An analysis 
of the differences between individual means using Duncan's technique 
showed, however, only the most extreme difference, że., 6 vs. 1 in., to be 
significant. 

A closer inspection of the means in Table IV provides further evidence 
of the absence of systematic judgments of size-distance. Two reversals will 
be noticed. The 1-in. disk is judged to be farther back than the 1/-in. 
disk, and the 4-in. disk to be farther back than the 2-in. disk. This in- 
consistency is easily recognized if (disregarding statistical significance) the 
disks are arranged in the order of increasing apparent distance—6 in., 


* Ibid., 136-140. The tabl 
df. =75 and a = 0.05. 


e of significant ‘studentized’ ranges was entered with 
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2 in, 4 in., 4 in., 1 in. This should be compared with the arrangement 
in Experiment II—6 in., 4 in., 2 in., 1 in., Y in. 

The pattern of errors in judging size in this experiment is very similar 
to the results reported for the two earlier studies. Here again the smaller 
objects are perceived to be smaller, but are overestimated, while the op- 
posite is true for the larger objects. 


DISCUSSION 


The experiments described in this paper have not supported the hy- 
pothesis of known size and apparent distance. In addition, they have 
contributed evidence which tends to bolster an alternate explanation based 
on the influence of the relative size of similar shapes. In this regard the 
results of the present studies contradict the position adopted by Ittelson 
and by others in the same theoretical camp. The conclusions and findings 
of the earlier proponents of the thesis of relative size have been con- 
firmed, Nonetheless, a number of problems remain to confront the hy- 
pothesis of relative size. 


(1) Can it account for all of the reported findings? Particularly problematic is 
the finding that “discrete changes in the characteristics of the physiological stimulus- 
pattern resulting in changes in assumed size will be perceived as discrete changes in 
apparent distance even though retinal size remains constant?” Thus, a half-sized 
playing card at an objective distance of 7.5 ft. is localized at a distance of about 
15 ft, while a match-box of identical size at the same physical distance is judged 
to be at a distance of about 9 ft2* A related finding has been reported by Hastorf 
A rectangular or circular area of light was given a “large assumed meaning of size 
or a “small assumed meaning of size.” That is, the rectangle was called either an 
envelope or a calling card, and the circle was called either a billiard ball or a ping- 
pong ball. The size at which the stimulus-object was set, in order to appear at a 
specific distance, varied when the assumed size attributed to the object was varied 
by the suggestion of size, i.e. by naming the object. ; A 

These changes in apparent distance are in agreement with the hypothesis of 
known size and apparent distance, Furthermore, they do not seem to be amenable 
to an explanation in terms of relative size since physical size remained unaltered. 
In view of this fact, any total dismissal of known size as a cue to apparent distance 
Would not be justified. 


(2) With regard to the experiments reported in this paper, the major ex- 
Planatory problem resides in the fact that a small retinal image appeared as a 


3 i ion on the relation 
See for example, A. H. Hastorf, The influence of suggestion 
between stimulus ce and perceived distance, J. Psychol., 29, 1950, 195-217. 
s hap op. cit., this JOURNAL, 1951, 67. (Italics ours.) 
id., 64. 
* Hastorf, op. cit, 195-217. It is possible to argue that 
strated a cognitive effect rather than a perceptual effect, 
uld not be considered in the present context. 


Hastorf has only demon- 
and therefore his study 
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smaller than normal object which was at the same time more distant, while the 
larger retinal images produced the converse effect. An acceptable interpretation of 
the present experiments must account for both aspects of the resultant experience. 

At first it may appear that the explanation is to be found in the hypothesis of the 
invariance of size and distance which relates perceived size to perceived distance. 
According to this thesis, a given visual angle subtended by an object uniquely 
determines the ratio of its perceived size to its perceived distance. Thus, if the dis- 
tance of an object is overestimated, its size must be overestimated, and if its distance 
is underestimated, its size must be underestimated. 


In the present experiments, the influence of relative size produces an 
underestimation of the distance of the larger object when compared with 
the objective distance of the stimulus-object and, therefore, the size of the 
object is underestimated as compared with its physical size. Similarly, as 
a result of the cue of relative size, the distance of the smaller object is 
overestimated, and for this reason the object is perceived to be larger 
than it actually is. In this account, apparent distance would depend on 
relative size, and apparent size would depend on apparent distance. 

This proposed solution is open to criticism on several counts: 


(1) There is a growing body of evidence which casts doubt on the generality of 
the hypothesis of the invariance of size and distance.” 

(2) The hypothesis has no explanation for the many ‘nonfitting’ size-distance pair- 
ings which were obtained, i.e. overestimations of distance coupled with under- 
estimations of size or underestimations of distance coupled with overestimations of 
size. (In the first experiment there was 249 fitting and 151 non-fitting size-distance 
Pairings; in the second and third experiments there were 107 fitting and 73 non- 
fitting pairings.) It is difficult to uphold the invariance relationship when it clearly 
does not apply uniformly to all Os and all judgments. 

(3) Finally, the results of Experiment III create serious difficulties for the ex- 
planation under consideration. According to the hypothesis of invariance, when 
the values of any two of the variables, e.g. visual angle and apparent size, are given, 
then the value of the remaining variable is already determined. Since the judgments 
pelts obtained in Experiment III show the same pattern of overestimation and 
underestimation as do the judgments of the first two experiments, one would ex- 


pect a complementary pattern of distance-judgments. This was not the case. Errors 
in size-estimation were not accompanied by appropriate errors in distance-judgment. 
The outcome of Ex 


findings reported in 
distance and size are 


periment III suggests an alternate description of the 
this paper. It is quite possible that judgments of 
unrelated. Apparent distance seems to depend on 


* Such evi 3 enat f 
Ar EEGA Gador found in F, P. Kilpatrick and W. H. Ittelson, The size- 


~ thesis, Psychol. E 
relation of perceived size te eena ed pee = Gruber, The 


ized; ist this JOURNAL, 1954, 411-26; 
Noel Yaning paradox: A reply to Gilinsky, this JOURNAL, 69, 1996, 469.75; 
matching, this JOURN. 7, ieee distance-estimation as variables in size 
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the relative size of the retinal images of successively presented stimuli, 
“while apparent size may be determined by the absolute size of the retinal 
image which is being cast by the single object under observation.** This 
description is consistent with all of the data which have been reported. 
“It is not controverted by the presence of non-fitting pairings of size- 
distance since these two judgments are assumed to be independent of 
each other. This account also eliminates any questions concerning the 
primacy of one or the other of the two perceptual experiences, Explana- 
tions of space perception often proceed as if one experience is primary, 
eg. distance, while a second experience is dependent on the first, eg. 
size. In many cases this results in an explanatory circle in which the 
dependence of size on distance is asserted at one stage, only to have the 
dependency relationship reversed-at a later stage in the explanation. 
Regardless of the popularity enjoyed by this type of explanation, there 
is no a priori reason why one percept must always depend on another. 
Instead, it is very likely that in many cases apparent size and apparent 
“distance are independently and simultaneously determined by different 
aspects of the proximal stimulus-situation.** Of course, there are instances 
of close correspondence between the two experiences, but even in these 
cases the possible relationships are many. Apparent size may decrease with 
increasing distance,2° it may increase with increasing distance,** or it may 
remain approximately constant with changes in distance.** In the same 
vein, a long line of stereoscopic experiments has failed to establish any 
definite relationship between changes in apparent size, te a result of 
changes in tactile-kinesthetic stimulation, and apparent distance.2° Some- 
times changes in apparent size are not accompanied by any clear change 


* Other investigators have shown that, under ‘reduced’ conditions, changes in 
the size of the retinal image of an unfamiliar object will be scconipeniel Ph pro- 
poa changes in apparent size. a A. s aE) 7 eines 
ize with and without distance cues, J. gem, Psyebot, Al, Sam hon 
ns similar conclusion is reached by Gruber, op. c, this JOURNAL, 67, 1954, 

427. A 3 A 

~= A. S. Gilinsky, The effect of attitude upon the perception of size, this JOURNAL, 


68, 1955, 173-192. À é : 
"E, L. Chalmers, Monocular and binocular cues in the > percept of Page sh 
JOURNAL, 65, 1952, 143-153; W. M. Smith, A methodological stucy mt 
distance perception, J. Psychol, 35, 1953, 143-53; Noel Jenkin, EEC | varied 
distance on short-range size judgments, J. exp. Psychol., 54, 198% aa iy 
Avi 35 J. Serre Mount picture fess a report No. 7, Army 
viation and Research Reports, 1947, -211. z 
” For one recent ilioemtida see the experiment reported by Hemon PONE 
the fact that all Os in this study reported a reduction in apparent gn : ae 
Crease in convergence, “some Os apparently responded to e, aap si 
by reporting an increase in apparent distance, while others me i Bibs) 
decrease in apparent distance” (T. G. Herman, The relationship ee gare 
= ¢levation changes to judgments of size, J. exp. Psychol, 1954, 48, i 
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in apparent distance and on occasion may even be accompanied by ‘para- 
doxical’ distance effects, e.g. an object will appear to be smaller with in- 
creased accommodation, but, at the same time, it will appear to recede, 
In view of these possibilities, it can only be misleading to develop 
hypotheses whose main justification is their logical derivation from the 
traditional hypothesis of the invariance of size and distance.*° 


SUMMARY 


Three experiments were performed to study the role of known size and 
relative size in the perception of distance. 

In Experiment I, two groups of Os judged the apparent distance and 
size of playing cards and blank cardboard rectangles of different sizes. 
Prior to making these judgments one group of Os (experimental) par- 
ticipated in a game which was designed to modify the assumptions which 
O might ordinarily make about the normal size of playing cards and the 
constancy of the physical size of playing cards. The Os in the second 
(control) group did not undergo any prior treatment. 

The main results were as follows: (1) The experimental and control 
groups did not differ significantly in their judgments of apparent distance. 
(2) Judgments of the playing cards (of known size) and blank cards 
(unfamiliar size) did not differ significantly. (3) The judged distances 
of the playing cards did not meet the quantitative requirements of the 
‘strong’ known-size hypothesis, (4) The cards of varying physical sizes 
also were perceived to be of different sizes, 

Experiment II demonstrated that similar differences in apparent dis- 
tance (and size) would be obtained when only relative retinal size was 


Operating. For this purpose five cardboard disks of different sizes and 
colors were used which did not encourage the assumption of known size 
or of constancy of physical size. 


In Experiment III, the same disks were judged again. This time each 
O judged only one of the disks, In this way, the cue of relative size was 


eliminated. Under these conditions, no systematic differences in apparent 


distance were observed, although comparable differences in apparent size 
were obtained. 


The conclusion was reached that in experiments of this nature the 
determinant of aj 


ant of apparent distance is not the known size of the objects, but 
the relative size of objects Presented successively. 


” A general discussion of this hypothesis may b a d 
a a Se th an 
Harold Schlosberg, Experimental Psychology, 1954. apd = R. S. Woodworth a 


COMPARISONS AMONG WORD-ASSOCIATION RESPONSES 
IN ENGLISH, FRENCH, GERMAN, AND ITALIAN 


By Mark R. ROsENZWEIG, University of California, Berkeley 


It has now become possible to compare directly word-association re- 
sponses among several languages, since recent studies in France, Germany, 
and Italy have employed translations of the list of Kent and Rosanoff 
which has long been used in America, An initial comparison was made 
between English and French primary responses (i.e. the response given 
most frequently to each stimulus-word), and it was found that for about 
half the items the primary responses of the two languages were equivalent 
in meaning.’ Next, it was found that the greater the frequency of the 
primary response in one language, the more likely it is to be equivalent in 
meaning to the corresponding primary response in the other language.* 
From these results it was hypothesized that associative habits tend to be 
held in common among different language-communities. In the present 
report, this hypothesis is tested by comparing the primary responses in 
English, French, German, and Italian, and a smaller amount of material 
in Navaho. 

METHOD 

The English primary responses were obtained from the study of Russell and 
Jenkins? They administered the stimulus-words of Kent and Rosanoff* as a paper- 
and-pencil test to students at the University of Minnesota in 1952. One thousand 
and eight complete protocols were obtained. No breakdown of Ss by sex was given. 

For comparison of primary responses of the two sexes in English, reference will 
be made to the study of Tresselt, Leeds, and Mayzner! They tested individually 
114 men and 115 women. The Ss were all between 18 and 25 yr. of age; they 
were of a variety of occupations and from several regions of the United States. 


* Recei ication March 19, 1960. 

5 M. ne mete mr l'association des mots, Année Psychol., 57, 1957, 
23-32, 3 Agi 
AypRosenzwei , Comparisons between French and English word association norms, 

sP. j. , 363. : 

IA Ral am J Iako T ep atten Ta p 
Sponses to 1 the Kent-Rosano SIOCIAOM Et ae il 
I CEH, Ket aa A T Rosanoff, A study of association in insanity, Amer : 
nsanity, 67, 1910, 37-96, 317-390. -Rosanoff word 

“M. E. Tresselt, D. S. Leeds, and M. S. Mayzner, Tee Seon py 
association: II. A comparison of sex differences in response 
Psychol., 87, 1955, 149-153. 
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dents at the Sorbonne and at Paris /ycées in 1955-1956." The same procedures were 
employed as those used by Russell and Jenkins. Two hundred eighty-cight complete 
protocols were obtained, 184 from women and 104 from men. The responses of the 
two sexes were tabulated separately. Although the results for the two sexes were 
quite similar, in the preparation of the composite table of primary responses the 
frequencies were so weighted that the men counted as much as the women in deter- 
mining the final results. 

A German translation of the list of Kent and Rosanoff was given to students at 
the University of Würzburg and at high schools in Wiirzburg and nearby cities by 
Russell and Meseck.’ The same procedures were followed as in the study of Russell 
and Jenkins, Thirty-one complete protocols were obtained from women and 300 from 
men; the responses of the two sexes were pooled. 

An Italian translation of the list of Kent and Rosanoff was administered to Ss in 
Italy by Levi The Ss were chosen to be fairly representative of the Italian popula- 
tion in age and social class, although the Majority were students. About two-thirds 
of the 229 Ss were men; responses of the two sexes were pooled. Ninety-seven of 
the Ss were tested in Turin with a Paper-and-pencil test such as those used in the 
other three languages. The 132 Ss tested in Rome heard the stimulus-words from ~ 
a phonograph record and responded on a sheet with numbered blanks. The responses 
of these two subgroups were generally similar and were pooled to give a single set — 
of norms. Only primary responses that were given by at least 9% of the Ss were re- 
Ported. For 11 stimulus-words the primary response was given by less than 9% of 
the Ss, and these 11 responses are not available, The responses reported were Eng- 
lish translations of the Italian responses. 


RESULTS 


To compare primary responses in the four languages, a table was pre- 
pared which included the stimulus-words, the primary responses, and the 
Percentage of Ss giving each response, A judgment was then made as to 
the equivalences of meaning among the responses for each item, and these 
judgments were entered as the final column of the table, Because of — 


limitations of space the entire table is not given here, but selected items 
are given as examples in Table J. 


It will be noticed that the Italian responses are given in English, since — 


this is the way in which they were reported. Where no primary response 
was reported in Italian, as for Item 10, a question mark is shown in the 


* Rosenzweig, op. cit, Année P. 

TW. A. Russell and 7 sychol., 57, 1957, 23-32. 
von lage fee tiene Der Einfluss der Assoziation auf das Erinnern 
argan Boyebol, 6, 1959, 191-211. ranzösischen, und Englischen Sprache, Z. exp. 


O Levi, An analysis of the inf ; 

to the Rosan assoc uence of two different cultures on responses 
Chicago, 194, 1 PREEN Me Unpublished Master's thesis, University of — 
Saa pring allowed me to eee for having called his study to my at- 
Dotumentition Taste complete data has been deposited with The American 
icrofilm, or $1.25 for photoprints Dara papas Reet i ae 
. . by i or 

a Payable to: Chief, Photoduplication Service, Ti er ies 3 


WORD-ASSOCIATION RESPONSES 349 


table. The Italian primary response was not reported for Items 10, 17, 43, 
45, 53, 57, 58, 83, 90, 93, and 100, (Except for some of these 11 items, 
all the items specifically mentioned in the text will be found in Table 1.) 


TABLE I 


SriuLus-Worps, PRIMARY RESPONSES, AND THEIR PERCENTAGES FOR Worp- 
ASSOCIATION TESTS IN ENGLISH, FRENCH, GERMAN, AND ITALIAN 


Primary responses, their percentages, and 
Engis? Selaka sae Tiallan) agreements among four languages 
h, French, German, Italian’ 
g English French German Maliana E-F-G-I 

I, table, table, Tisch, tavola S4chair $3 chaise 29 Stuhl 23chair  E-F-G-I 
2. dark, sombre, dunkel, scuro 83 light 45clair 4 sabia) 18 light EF. 
3. Music, musique, Musik, musica 18 16 note: 9 10 beautiful _ F- 
4. sickness, maladie, Krankheit, malattia 38 hi 10 15 Gesundheit 13 serious E-F- 
$. man, homme, Mann, uomo 7 omen: t 6 femme 2 Fru 2 wenn E-F. 

. deep, profond, tief, o) w or 
7. soft chou, wich, morbido 45 hard 39dur(e) 39 hart 14 hard, E-F-GI 
8. cating, manger, Essen, mangiare 39 food 39 boire 23 trinken 30 PG 
2 mountain, mont e, Berg, montagna 27 hilt 13 plai 3 Tal 17 high = 

. house, maison, Haus, casa 
n mutton, neat,” Hamtmelfeisch, mon- 25 home 15 brebis 7 Rindflesch, 18 shep  — 

tone 

3. woman, femme, Frau, donn: 64 mant  29thomme 40 Mann 22 man EF-G-1 
9; beautiful, belle’ schon, bello. Simont fB temme 27 hässlich Sl ugly = EGE 
2. sheep, mouton,” Schaf, pecora 20 wool 25 laine 15 Wolle 18 wool EF 
0. square, carré, Quadrat, piazza 37 round 30rond 14 Viereck 10 large 


ES pdi stimulus-word and responses for Items 12 and 62 were, as explained in the text, inter- 
a ae in the tal tion. 
t ncorrectly given as 26% in Rosenzweig’s paper in 1957 and also, consequently, in Russell and Meseck’s, 


Singular or plural, 


TABLE IL 


NUMBERS OF AGREEMENTS IN MEANING BETWEEN Prmary RESPONSES 
AMONG PAIRS OF LANGUAGES 


A. All Items (100) ‘ 
French $ German mai 
English 48 48 (3 
French 45 83 
German 
B. Items where Italian Response is Known (89): x 
French German ne 
English 43 i ae 
French 4 re 
German 


The final column of the table indicates which responses have been 


judged to be equivalent in meaning; e.g. the notation PE fo aa 
1 means that all four responses are equivalent, while the dash in 
is equivalent to any other. 


column opposite Item 6 means that no response Is “4 e 
In the rare cases when two responses are tied for primary rank, as P ca 
Italian responses for Item 7, an agreement was counted if either a e 
two was equivalent to the primary response of another language. x 
the Italian response is not available, as for Item 10, it is, of course, con 


Sidered not to be equivalent to any other response. 
Agreement between pairs of languages. Table II gives the number of 
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primary responses judged equivalent in meaning when any pair of lan- 
guages is compared. The upper half (A) of the table includes all 100 
items. The numbers of agreements between English and German and 
between French and German are the same as those reported by Russell and 
Meseck. For the comparison between English and German, however, they 
reported 47 cases of agreement while we find 48. The numbers of agree- 
ments found between Italian and the other languages is clearly biased by 
the omission of 11 responses from the Italian norms. To make an un- 
biased comparison, the lower half (B) of Table II was prepared. Here 
only the 89 items were used for which the Italian responses had been re- 
ported. Even in Part B it is the Italian responses which show the smallest 
numbers of agreements with other languages. It should be remembered that 
the Italian study differed from the other three in using a more varied 
group of Ss and in employing an auditory presentation of the stimulus- 
words for a large proportion of the Ss. Both of these factors may have 
made the Italian responses somewhat different from those of the other 
groups. 


The agreement among the four languages is impressive, almost half the com- 
parisons in any pair of languages yielding agreements. As a yardstick, we may note 
the amount of agreement between two samples of Ss drawn from the same popula- 
tion, Where the responses of the two sexes have been tabulated separately for a 
study, we have two samples tested alike and selected alike in every respect but sex. 
The primary responses of French men and women agree for 75 out of 100 items. 
The English data of Tresselt, Leeds, and Mayzner” show 82 agreements between the 
primary responses of men and women. There is little evidence of real sex-differ- 
ences in either study. Rather, as we shall discuss later, the men and women can be 
considered simply as two samples drawn from the same language-community. For a 
further comparison, we can note the agreements between the independent English 
studies of Tresselt, Leeds, and Mayzner and of Russell and Jenkins.” For this pur- 
pose, the responses of men and women from the former paper have been pooled. 
This procedure allows us to compare groups that were tested somewhat differently 
and that differed in occupation and educational status, both groups however includ- 
ing the two sexes. The primary responses in these two studies agree in 82 out of 
the 100 cases. Thus, the number of agreements between pairs of Western European 
languages is only about three-fifths as great as the number of agreements between 
samples drawn from the same language. 

For 21 stimulus-words, the responses of all four languages are equivalent in 
meaning. If only English, French, and German are considered, there are 36 items 


” Tresselt, Leeds, and Mayz: ji 
g oral and Jenkins, on ae ae: 
t is worth noting that the primary res 2 
n ponses of Tresselt, Leeds, and Mayznet, 
heed = a oe aten so closely with those of Russell and Jenkins, based on 1008 
H ir in ies iaf a group of about 200 Ss is adequate to obtain stable 
“son Coan fo Aes it helps to justify our use of the French, German, anı 
ies, each of which employed groups of about this size. 
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~ for which all primary responses agree. (Russell and Meseck judge that there are 34 
cases in which the three primary responses agree.) Moreover, when the primary 

do not agree, the primary response of one language is often equivalent 
to the secondary response of the other language. Russell and Meseck have found this 
relationship in comparing English and German,” and the same result had also been 
reported in the initial comparison of English and French responses.” 


The degree of similarity among the languages is probably even greater 
than appears from these results, since any inadequacies of translation of 
the stimulus-words inevitably lead to differences of response. Thus, Items 
12 and 62, ‘mutton’ and ‘sheep’, should both be translated as ‘mouton’ 
in French. To avoid repeating a stimulus-word, ‘agneau’ (‘lamb’ in the 
sense of ‘the young of the sheep’) was used for Item 62. The responses 
to Item 12 showed that ‘mouton’ was understood on the sense of ‘sheep’; 
therefore ‘mouton’ and its primary response ‘laine’ (wool) are tabulated 
as Item 62. ‘Agneau’ and its response are placed as Item 12 (‘mutton’), 
_ and agreement cannot be expected here. In the case of Item 80, ‘square,’ 
the English responses show that the word was taken in the sense of a geo- 
metrical shape. The French and German stimuli were chosen to conform 
to this sense, but the Italian translation was ‘piazza’ (a public square), 
thus making it certain that the Italian primary response could not agree 
with those of the other languages. i 
Distribution of agreements. Are these cases of agreement distributed 
randomly through the list, or is there any regularity in their distribution? 
A generalization has already been suggested by comparison of French and 
English primary responses. 
iati i highest frequency in French, 22 are 
‘ ellen the ae oe patent In oe ee ie 
eon’ by declining pom re oy pies sssocistions are shared by 


American associations. . . . Thus, the most frequent jation: 
the two languages, while the less frequent associations tend to differ. 
ages. Using the 89 items 


A similar comparison was made among the four langu; 1 were 
for which the Italian response is known, the primary responses of p ngusa: nee 
divided into halves according to the relative frequency with which they were given. 


The responses were also categorized according to whether they agreed with zero, one, 
f the other languages. The results of this 


_ two, or three corresponding responses © uga 

analysis are given p: TEE III, Let us examine the distribution of gen 
tween English and the other three languages. Among the 46 Englis! pas i 

= responses at or above the median frequency, only 7 do not agree with any 0 A 

corresponding primary responses of the other three languages, 9 agree with one oi 


A ” Russell and Meseck, op. cit, 201. 
 * Rosenzweig, op. cit., Année Psychol., 57, 1957, 24. Ai 
os pad Ee SE i: otation is taken from 
-S Rosenzweig, op. cit, Amer. Psychologist, 14, 1959. The qu i 
the text BE the ech aber pois of which were distributed at the meeting of 


the American Psychological Association, 1959. 
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the corresponding responses, 12 agree with two other responses, and 18 agree with 
all three responses of the other languages. Among the 43 English primary responses 
whose frequency is below the median, the trend is just the reverse: 24 do not agree 
with a single other corresponding response, 7 agree with one response, 9 agree with 
two, and only 3 agree with all three responses of the other languages. Within each 
language, the more frequent responses show many more agreements than do the less 
frequent responses, The relationship between frequency of response and number of 


TABLE II 


AGREEMENTS WITH Primary RESPONSES OF OTHER LANGUAGES, AMONG THE 
89 ITEMS WHERE THE ITALIAN RESPONSE 1s KNOWN 


Number of ing primary responses 
Eanan eee PEED meee wes PURE responses 


0 1 2 3 
English >33 7 9 12 18 46 
<33 24 7 9 3 43 
French 218 2 3 14 18 47 
10 8 3 42 
German zis A 5 10 17 43 
1 10 11 4 46 
Italian >17 10 9 7 18 44 
<17 28 7 7 3 45 
Over-all >Mdn. 40 26 43 71 180 
<Mdn. 94 34 35 13 176 
134 60 78 84 356 


agreements is significant at better than the 0.1% level in English, in French, and 
in Italian, as tested by x7; in German the effect is significant at better than the 
1% level. The distributions for all four languages were then cumulated to give a 
total distribution. A response in the upper half of the total frequency-distribution 
agrees, on the average, with 1.81 other responses; a response in the lower half 
cigs pecs average, with only 0.81 other responses. Of the responses that agree 
i a z Petia responses in the other languages, 84.53% are in the 
Ear frequency-distribution; of responses that agree with no corre- 
ponding response, only 29.85% are in the upper half of the frequency distribution. 


4 It e also be shown that the mean percentage of response varies mono- 
pa y with the number of agreements, The results of this analysis are 

ap ayed in Fig, 1. For each language, the responses that agree with none 
of the corresponding responses of the other languages have a mean per- 
centage only about half as great as that of responses that agree with all 
three corresponding responses, There is only one minor exception to the 
monotonic rise of frequency with agreements: in German, the mean per- 
centage for zero agreements is two more than the percentage found for 
one agreement. When the primary responses of a language were thus 
classified according to the number of agreements with primary responses 
of other languages, about one-fourth of the total variance of response- 
frequencies was accounted for by the variance between classes, The corre- 
lation ratios between response-frequency and number of apreerients were 
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0.54 for English, 0.57 for French, 0.48 for German, and 0.45 for Italian. 


Fach of these correlation ratios was significant at better than the 0.1% 
level of confidence, 


60 


English 
50 ee Kd 
Ee 
S 


7 


40 


Mean frequency of responses 


(0) 
0 1 2 3 
Number of agreements with other languages 


FIG. 1. MEAN FREQUENCIES OF PRIMARY RESPONSES 


Fig. 1 also brings out the much greater frequency of primary responses 
of the American Ss as compared to the European Ss. This difference has 
previously been reported for French*® and for German. It now appears 
that all three European groups have rather similar frequencies of primary 
tesponses and that the communality of response among American Ss is 
almost twice as great. ; 

Response class and agreements. Can classification of the responses 
according to the relation between stimulus and response aid in predicting 
agreements among languages? Two frequently used Log arene 
analyzed first, opposites (e.g. dark-light, sickness-health) and coör ore 
(e.g. table-chair, man-woman). Throughout this section we will consider 
only the 89 items for which the Italian response is known. Among z 
four languages the opposite and coördinate classes account for 23 an 


37%, respectively, of all primary responses. 


Š Rosenzweig, op. cit, Amer. Psychologist, 14, 1959, 363. 
Russell and Meseck, op. city 200-201. 
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(1) Opposite responses. The opposite responses were tabulated for each language 
as in Table III, both according to the number of agreements with the corresponding 
responses of the other languages and according to whether their frequency was 
above or below the median. The separate distributions for the four languages were 
then cumulated, and the results are given in Table IV A. For every language, most 
of the opposite responses are above the median in frequency ; over-all, 77% are above 
the median. As would be expected of a group of responses with generally high fre- 
quency, the opposite responses show a rather high mean number of agreements 


TABLE IV 


AGREEMENTS WITH PRIMARY RESPONSES OF OTHER LANGUAGES, 
ACCORDING TO CATEGORIES OF RESPONSES 


Number of agreeing primary responses 
Freq. response oS n M 
0 1 2 3 


A. ite responses: 
2Mdn, 5 Seeecie 355 64 2.34 
<Madn. 5 2 7 Se dO: 83 1.63 
2.18 
B. Codrdinate responses: 
>Mdn. C 27 © 71 1.85 
<Madn. ais! © “42 1 59 130 oF 
> . S p 1 3 
C. Adjective-adjective Tesponses 
>Man. Sa alae 6735: “62 2.32 
<Madn. om 45 2 S 80 1.33 
10 
D. Noun-noun responses: g 
one. B55 EI = 322-33. 95 1.69 
<Madn. 728527 27 112-207 0.86 
12 


with the corresponding Primary responses of the other three languages—2.18, as 
oe with only 1.31 for all responses taken regardless of classification. Among 
the opposite responses, the factor of relative frequency of response exerts a signifi- 


cant effect (4? = 4.73, ie P<0.05)." The small number of opposite re- 
sponses below the median frequency makes it 


“It may be asked whether the entries in 
response is counted for its agreement or di 
rua Responses to the same stimulu. 
cells of the table. Thus, for Stimulus 29, the 
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the mean of 0.81 agreements found for all responses below the median in frequency. 
Thus, the opposites of high and of low frequency show considerably more agreements 
than do responses of high and low frequency in general. 

(2) Coérdinate responses, Table IV B presents the results for the coérdinate 
responses. Unlike the opposite responses, the codrdinate responses show no strong 
tendency to be high in frequency, only 55% being above the median. Their mean 
number of agreements with primary responses of other languages is 1.33, com- 
pared with 1.31 for unselected responses. Thus, the fact that a response is in the 
cobrdinate class does not help in predicting the number of agreements it will have 
with corresponding primary responses of other languages. Among the codrdinate 
responses, the factor of relative frequency of response exerts a highly significant 
effect x° = 32.93, df. = 3, P< 0.001). 


Inspection of the opposite responses shows that among the 83 opposites, 
for all four languages, 73 are adjective-adjective pairs, Że. both stimulus- 
and response-words are adjectives. Names of colors are considered to be 
adjectives here. These 73 responses in turn account for almost all of the 
80 adjective-adjective pairs found among the primary responses of the 
four languages, Thus, almost the same result is obtained whether one 
classifies according to the relational category of opposition or according to 
the grammatical category, adjective-adjective (A-A). 


(3) Adjective-adjective pairs. The tabulation of A-A responses by frequency 
and by number of agreements with responses of other languages (Table IV C) is 
very similar to that of opposite responses (Table IV A). A 7-test shows that the 
effect of frequency on number of agreements is significant for A-A responses 
(x? = 13.02, df. =2, P < 0.01). The A-A responses, as 4 group, show a rather 
high mean number of agreements with other languages, 2.10. This number is very 
similar to the mean of 2.18 found for opposite responses and is well above the 
mean for all responses, taken without regard to category. 


While the category of opposite responses tends largely to be composed 
of A-A responses, there is an equally strong tendency for the category of 
coördinate responses to be composed of noun-noun (N-N) pairs. 
responses, 114 are N-N pairs. 


a j ördinat 
(4) Noun-noun pairs. Of the 130 coor ape apoun sll paler oE CONS 


Only five codrdinate responses are A-A pairs, am 
In turn, the 114 N-N EEE responses make up more tan baee ES Po 
of 207 N-N responses. Tabulation of the N-N responses hy keen i thal 
number of agreements (Table IV D) gives a distribution somewhat ng i 3 
for coördinates (Table IV B). As was true for coördinate responses, t! FR 
frequently given N-N responses have significantly more agreements AE 
responses of other languages than do the less frequent NN responses x= ee 
df.= 3, P < 0,001), While the N-N responses of above-median ERAT EN 
a mean of 1.69 agreements with responses of other languages, those coe E 
median frequency show a mean of only 0.86 agreements, se a eee uages 
group, have a mean of 1.24 agreements with the res a 
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This is similar to the mean for codrdinate responses and is slightly below the 
mean for all responses, without regard to category. 


DISCUSSION 

In what terms can we attempt to account for the relation between agree- 
ments of primary responses among languages, on the one hand, and fre- 
quencies or categories of responses, on the other? Let us consider first the 
role of frequency, employing the following model: Suppose two random 
samples are taken from the word-association responses made to a single 
stimulus by the members of a language community. If the population 
gives one particular response with far greater frequency than any other 
response, then both samples will tend to show that response as their primary 
one. If, on the other hand, the primary and secondary responses of the 
population are not very different in frequency, then the two samples may 
well show different primary responses, If the statistics of the population 
are not known, one can nevertheless predict from one sample to another. 
The more the frequency of the primary response for an item exceeds the 
frequency of the secondary response in one sample, the more likely it is 
that the same response will be primary in another sample. This model pre- 
dicts quite well the occurrence of the agreements between primary re- 
sponses of women and men on the French test of word-association. If we 
take the 25 primary responses with the highest frequencies among the 
women, all 25 agree with the corresponding primary responses of the men; 
of the next 25, 23 agree; of the third set of 25 responses, 15 agree; of 
the 25 responses of lowest frequency among the women, only 12 agree 
with the primary responses of the men, When a similar analysis is made 
for the English data of Tresselt, Leeds and Mayzner,!* the respective 
numbers of agreements are 25, 23, 21, and 13. Thus, the more frequent 
the primary response is in one sample, the more stable is it from sample 
to sample, (The somewhat greater agreement between the sexes in English 
than in French is consistent with the generally higher frequencies of pri- 
smary responses in English as compared to French.) While division by 
sex does not give random samples, there is little evidence of significant 
difference in the associations of the two sexes, and the results for each 
language fit the model well. A further test is provided by the distribution 
of agreements between the English studies of Russell and Jenkins and 
that of Tresselt, Leeds and Mayzner. Of the 25 most frequent primary re- 
sponses found by Russell and Jenkins, all 25 agree with the correspond- 
ing primary responses found by Tresselt, Leeds and Mayzner. In suc- 


” Tresselt, Leeds, and Mayzner, op. cit, 150-152, 
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cessive groups of 25 responses, arranged by decreasing frequency, there 
are, respectively, 25, 22, and 10 agreements. Again the obtained distribu- 
tion follows the prediction of the model. 

Thus far we have shown that the probability of agreement of primary 
responses among samples from the same population should be related to 
the extent to which the primary response exceeds the secondary response 
in frequency. Only for English have complete norms been published, 
however, so that the differences in frequencies between primary and 
secondary responses are readily available only in English. For French, 
German, and Italian, only the frequencies of primary responses have been 
published. To see how well the frequency of the primary response could 
serve as an index of the difference in frequencies between primary and 
secondary responses, the correlation was obtained between these two 
values for all 100 items in the English and French norms. The respective 
coefficients were 0,97 and 0.94, indicating that we are fully justified in 
using the frequency of the primary response in place of the difference in 
frequencies between primary and secondary responses. 

To apply the model across languages requires the hypothesis that there 
is a cross-cultural community which shares verbal associations and mean- 
ings, even though verbal forms are different. If this hypothesis is limited 
to western European languages, then it is clearly supported by the re- 
sults we have obtained. That is, the more frequently a primary response 
is given in one language, the more stable is the meaning of the response 
in other languages. It is as if each of the languages we have considered is 
a sample of a more general language-system. 


It is tempting to try to extend the hypothesis to all languages, but data do not 


yet exist to test adequately this broad form of the hypothesis. A limited and pre- 
1 amount of Navaho material. The 


liminary test can be attempted with a small ai í fi ae 
material on Navaho word-association was obtained by Ervin an orowi 


1956.” Their test was composed of 114 items, 42 of which were equivalent y 
items of the list of Kent and Rosanoff. The test was administered individually ap 
orally in Navaho to 38 adult Ss, about two-thirds of whom were women, n 
most of whom spoke only Navaho. In view of the small size of the Navaho 
sample and of the difficulties of translation, comparisons with the Navaho he 
terial cannot have more than suggestive value. For 3 of the 42 items, the Ital n 
response is not known, so comparisons can be made across all five ERE fo 
39 items. In many cases the Navaho primary response 1s equivalent “i that Ta 
Other languages (e.g. man-woman, soft-hard, hand-foot, long-short, eavy-lig te 
In other cases, a cultural difference is apparent (e.g. bitter-chili pepper, river-c i 
yon, beautiful-horse). The Kent-Rosanoff items included in the Navaho test ten 


_ 


>I am grateful to Drs. S. M. Ervin and A. E. Horowitz for their permission to 


inspect and cite this unpublished material. 
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inantly selected from among items showing rather high inter-language 
E be i persis ik four European languages. To compare the number of agree- 
ments among the primary responses of the five languages, each language was con- 
sidered in turn and the number of agreements with the responses of the other 
languages was tabulated for each of the 39 items. The English responses showed 
a mean number of agreements per item of 2.41; French, 2.05; German, 2.08; 
Italian, 2.03; Navaho, 1,69. Thus Navaho clearly shows fewer agreements with 
the European languages than each of the European languages shows with the 
other four, Nevertheless, the number of agreements between Navaho and any 
single European language is substantial. It ranges from 21 cases of agı. -ment (out 
of 39) with English down to 14 cases of agreement with German. This extent 
of agreement offers support for the hypothesis that speakers of all languages share 
many verbal associations, even though their verbal forms are different. 


In indicating why frequent responses tend to show strong agreement 
among languages, our model may also help to indicate why opposite or 
A-A responses show relatively high agreement among languages. If a 
stimulus has a clear opposite, this response tends to be given with much 
greater frequency than other responses, as Karwoski and Shachter found: 
“not all words have opposites; usually there is only one good opposite. 
When a stimulus-word has a common opposite word, the tendency is for 
the responses to pile up on that one word.’’21 Karwoski and Schachter 
did not mention grammatical categories, but it appears that adjectives 
are more likely to have opposites than are nouns. This is certainly the 
case in dictionary-citations. Thus adjectives are likely to have clear oppo- 
sites, and if an opposite response exists it tends to be given with con- 
siderably greater frequency than other responses. As we have shown, such 
predominance of one response is the condition in which agreements among 
primary responses of different languages are to be expected. 

If associative habits were completely general among languages, we 
would expect to find as many agreements of primary responses between 
two languages as between two samples from the same language. We have 
seen that this is not the case. Between English and French, for example, 
there are 48 cases of agreement, while between French men and women 
there are 75 cases of agreement, Is the entire difference between these 
figures to be accounted for by differences in English and French associative 
habits? There are at least two other factors to be considered: 

(a) Part of the difference appears to arise from an artificial cause—difficulties 
of translation. In at least 10-15 cases, the French stimulus-word was not an exact 


equivalent of the grrr ie t the same proportion seems to hold for 
German and Italian. We have mentioned above the difficulties with ‘sheep’ and 


2# T, F. Karowski and J. Schachter, Psychological studies i ics: III. Re- 
action times for similarity and difference, J. soc, Psychol. 28, i ee UL. 
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‘mutton’ in French and with ‘square’ in Italian. In several other cases, the word 
translated was not of the same grammatical form as the English word. There is a 
strong tendency for response-words to be of the same grammatical form as the 
stimulus-word. Thus, changing the form of the translated word from that of the 
English makes it unlikely that the responses in the two languages will agree. 

(b) In some cases, a difference occurred when the primary response in one 
language was one of completion, i.e. a complex of which the stimulus-word is a 
part. This is a type of associative habit, but of a special nature that deserves 
Separate mention. It is extremely rare that two languages share the same comple- 
tion-response, even though their other associations to the stimulus-word are similar. 
Thus, the English primary response to ‘whistle’ is ‘stop’ (‘whistle-stop’). French 
does not have this compound term. The French primary response is ‘train,’ which 
is the secondary response in English. Each of the four languages has two or three 
cases in which the primary response is one of completion. Thus, between a pair of 
languages, about five disagreements will arise from this cause. 


We can then apportion the cases of disagreement of primary responses 
between a pair of languages as follows: (a) About 25 cases are due to 
instability of the primary response, even samples from the same language 
failing to agree in this many cases. (b) In another 10-15 cases, the 
translation of the stimulus-word is inexact, so the similarity of association 
between languages is not tested adequately. (c) In about 5 cases, one 
language shows a completion-response and a similar complex does not 
exist in the other language. Thus, between a pair of Western European 
languages, there seem to remain not more than perhaps 10 cases in which 
cultural factors give rise to a substantial difference in associations. 

One strong qualification must be attached to our hypothesis that speakers 
of different languages tend to share the same associative habits—it holds 
only among adults. Comparison of responses of American children with 
those of American adults have shown very different types of responses.** 
Tt would be interesting to see whether children speaking other languages 
respond similarly to American children, as we have shown adults of other 
languages to respond similarly to American adults. Such a study could 
help in the search for general factors operating in the learning of lan- 
guage in all cultures and tending to produce similar associative habits re- 
gardless of the forms of particular languages. 

SUMMARY 

Comparisons were made among primary responses to the 

_ Kent and Rosanofft and to its translations in French, German, 


te was a strong tendency for primary responses to cor 
stimulus-words to be equivalent in meaning. In each language, 


word-list of 
and Italian. 
responding 
the greater 


4, 


“R, S. Woodworth, Experimental Psychology, 1938, 344-347. 
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the frequency with which a particular primary response was given, the 
more likely was that response to agree in meaning with the corresponding 
primary responses of the other languages. When both stimulus- and 
primary response-words were adjectives or when the response was opposite 
in meaning to the stimulus-word, there also was high agreement among 
languages. (The two categories, ‘opposite’ and ‘adjective-adjective’ had 
seven-eighths of their cases in common. ) 

The results can be accounted for on the assumption that, across lan- 
guages, similar associations tend to occur among words of similar mean- 
ing, regardless of differences in verbal forms among the languages. Within 
a single language, the more a particular response tends to predominate in 
one sample of responses to a given word, the more likely it is that the 
same response will be primary in another sample. If associative ten- 
dencies are shared among languages, then the more a particular response 
predominates among the responses to a given stimulus-word in one lan- 


guage, the more likely it is that an equivalent response will be primary in 
another language. 


CHANGES WITH AGE IN THE VERBAL DETERMINANTS OF 
WORD-ASSOCIATION 


By SusAN M. ERvIN, University of California, Berkeley 


The earliest investigators of word-association noted that adult associa- 
tions were usually in the same grammatical class as the stimulus-words, 
and that such responses had especially short latencies.t These findings 
challenge an explanation of the learning of word-associations through 
simple contiguity in overt speech. On this basis, the most frequent re- 
sponse to transitive verbs would be the. 

A paradigmatic response—that is, a response in the same grammatical 
class—might arise through similarity of referents, common affixes, or 
common past verbal contexts.? The last determinant has the greatest gen- 
erality. Even the isolated words offered in an association-test have been 
encountered before in verbal contexts, Two words may be said to be 
contextually similar to the degree that their past verbal environments 
overlap. Contextual similarity thus includes both grammatical and semantic 
similarity between the stimulus-word and response-word, to the extent that 
the totality of verbal contexts defines meaning. 

Two models could account for the learning of association between con- 
textually similar words. A forwatd association would predict that repetition 
of a cup of coffee and a cup of tea would lead to the association of coffee 
with fea and of tea with coffee, due to their contiguity during competition 


ived fos: i rt 
* Received for publication March 4, 1960. These data were collected as pa 
of a project on children’ reasoning sponsored by the Higgins pana The assistance 
of Edith Kaplan and Roseanne Mandler is gratefully acknowledged. a 
"Gustav Aschaffenburg, Experimentelle Studien tiber ee ae 
Assoziation im normalen Zustande, Psychol. Arbeit. 1, 1895, eats eR, P38 a 


1-95; Friedri idt, Experimentelle Untersuc c 
Z. P. Sibel, ae, eon 5-95; Albert Thumb and Karl Marbe, Experimentelle 


Untersuchungen über die psychologishen Grundla; 
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of the response. A reverse, or mediated association, would be learned with 
practice of front door and back door. In this case, though, since door 
mediates the association of front and back, it would be the most likely 
response in free association. Savings in paradigmatic responses would be 
expected only in a condition of constrained response. It has been shown 
that both of these conditions do produce learning.* 

In the following study, differences with age in the frequency of different 
types of word-association will be examined with reference to an analysis 
of learning. The following changes with age are expected. 


(1) Decrease in syntagmatic responses. Syntagmatic (sequential) associations are 
more probable where the variety of contexts following the stimulus-word is low 
relative to its frequency, reducing the number of competing associates. With age, 
there is an increase in the length and variety of sentences,‘ so that the relative 
strength of the average syntagmatic association is less. 

Syntagmatic associations refer here to any sequential associate, not necessarily 
the immediately contiguous one. Since determiners (the, my), pure prepositions. 
(of, from), copulas (is, become), nominative pronouns, and codrdinate conjunc- 
tions virtually never occur in utterances of one word,’ they would not be ex- 
pected as responses on an association-test,® and may be eliminated in calculation 
of the sequential probabilities of stimulus- and potential response-words. 

(2) Increase in paradigmatic responses. Patadigmatic associates are more likely 
when the variety of verbal contexts of a stimulus-term is high relative to its fre- 
quency. In addition, as vocabulary increases, children have more contextually sim- 
ilar responses in antonyms, synonyms, and words drawn from the abstraction-hier- 
archy of the stimulus-word. 

. (3) Differential shift toward paradigmatic responses. If a word occurs frequently 
in the final position of a sentence, it has relatively weak syntagmatic associations. 


Ee for the model of forward association was offered by W. E. Jeffrey 
m s 5 Fabin; Semantic generalization with experimentally induced associations, 
. exp. Pyschol., 54, 1957, 336-338, and P. M. Kjeldergaard and D. L. Horton, An 
FEM analysis of associative factors in stimulus equivalence, response equiva- 
vie chaining paradigms, Studies in Verbal Behavior, 1960, No. 3 (University 
fing a 21-34. Response-competition is less likely in a speaker than in a 
oF ms n brn n ae David McNeill has ingeniously suggested that 

dren on iti i 
contiguity tur tet ses may not create the conditions for paradigmatic 

. C. Templin, Certai ills i i j j j 

Monogr., 1957, No. 26, ue skills in children, Univ. Minn, Child Welf. 
In an unpublished tally of a day's conversational speech transcribed by W. F. 


Soskin, functions-words we 
te rare, i scene EA, 
uttterances. , except for question-words, in single-wo 


6 A . 
While many functional-words would not appear in isolation in either a text- 


PM ee gh are sometimes produced by students as isolated re- 
ACAN ie rates If they occur in isolation as stimulus-words in the 
one s $ self, their subsequent probability as an isolated response may be 

eased, as has been reported by Davis Howes, On the relation between the 


probability of a iati . Sets 
soc. Piychol, 54, 1957, 84. association and in general linguistic usage, J. abnorm. 
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Such words are nouns, adverbs, adjectives, and intransitive verbs. On the other 
hand, adverbs of frequency (always, seldom), transitive verbs, and question-words 
(when, who) occur less often in final positions. They would be expected to elicit 
syntagmatic responses at later ages than other categories. 

(4) Decrease in clang-responses. Since children have less practice than adults in 
both verbal and non-verbal associations with words, they are more likely to respond 
to the immediate sound-properties of verbal stimuli, as if the words were nonsense. 
Indeed, children are known to display more generalization between words that 
sound alike. 


Earlier research partially supports these generalizations. Wreschner, 
using German words, found that age and education were both related 
` to paradigmatic dominance, and that children preferred concrete nouns 
as responses regardless of the class of the stimulus-word.’ Inflectional 
affixes in German confound clang-responses and paradigmatic responses. 
Reanalysis of Woodrow and Lowell's data for English reveals that 
paradigmatic responses increased and syntagmatic responses decreased with 
age.” The range of form-classes included was limited, however, and the 
list was not confined to cases where the adult primary response was 
present in children’s vocabularies. Age-changes may be merely due to 
specific changes in vocabulary in such cases, though it is true that these 
alone should not produce the bias in the direction of change which the 
data indicate. 


METHOD 

Materials. The list of associative words, 46 in number, was chosen ne Ln 
riety of grammatical classes. Since the work was done in conjunction with a study 
on learning antonyms, 39 of the items were so chosen that the primary response x 
adults was coördinate or antonymous. All stimulus-words and primary responses ol 
adults were, according to Rinsland, probably within the vocabulary of the youngest 
children” The form-classes were alternated within the list and the same order of 

os was used for all Ss. saga 
he closed-alternative test was com of 35 S 
for the third-graders. Three kinds of items were alternated on the list to test the 
relative strength of syntagmatic, paradigmatic, and antonymous responses. EF, 
set the words were grammatically alike (s#ow, winter, summer), but contained an 
antonym. In a second set, an antonym was contrasted with a syntagmatic associate, 
(billow, soft, bard). In the third group, syntagmatic and paradigmatic pe 
were contrasted, (fire, hot, warm). 
Subjects. Twenty-three Ss were 


items, the last 10 being omitted 


chosen from the kindergarten, 10 from the first 
"B. F. Riess, Genetic changes in semantic conditioning, J. exp. Psychol., 36, 
1946, 143.152. 
reschner, op. cit., 70. $ , Exe 
* Herbert vain a Frances Lowell, Children’s association frequency tables, 


Psychol. M No. 97), 81. s 
vH D ta sli hey of Elementary School Children, 1954. 
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~ 
grade, 52 from the third grade, and 99 from the sixth grade. In the last two grades, 
the entire class was tested in a group; in the first two, the children were tested 
individually. 

Procedure, The Ss in the kindergarten and first grade were tested orally; those in 
the third and sixth grades gave their responses in writing. To keep speed uniform 
and to help slow readers, E read the words aloud to the older children. 

Instructions. The following instructions were given for the word-association test. 


When you hear a word, sometimes it makes you think of another word. If you 
heard cat you might think of milk, or purr, or dog, or black—almost anything. 
What does cat make you think of? What does eat make you think of? Anything 
else? 

All single word answers were accepted. 

For the closed-alternative form also given, the children were told to say or to 
draw a line showing with which word the middle word of three seemed to go best. 
An example was given: “Does brother go better with sister or with father?” 

Response-analysis of free associates. Both the stimulus-words and the response- 
words were classified by a method of defining grammatical class derived from 
Fries." Test-frames or contexts were established; a word was assigned to a class if 
it could fit into the frames altered by substitutions from the same grammatical 
classes as the words in the frame. The same word might fall in several classes— 
walk is both noun and verb, for instance. In addition, coders were instructed to try 
to judge probable contexts according to children’s usage. Thus people was not 
classified as a verb. 

In the following list of some of the principal classes used in the analysis, the 
numbers indicate the agreement scores, among the coders’ obtained by computing 
the probability that an item coded in the given class by one coder would also be 
coded in that class by another coder. Disagreements largely stemmed from cases 
where one coder thought a usage too rare to include. 

a pica ae paces verbs with ‘ing’, if they could be preceded by adjectives 

(2) Pronouns, excluding possessives; 0.96. 

is Triwa verbs; 0.87. , 

vansitive verbs; 0.87. Since most transitive verbs also occur in intransitive 
cage ee h coders were instructed not to code as intransitive any 

(3) Adjetives, iacoding veibe wit due eat uk if thes db 
modifiers of beck peere cet ae “ing and -ed if they can be preceded by 

(6) Adver 70.90. of manner; 0.92. 
eee i. m a A a is a subgroup of adverbs which can occut ‘after 


y The above comprise Fries’ parts of speech. Below are several classes, of 
unctional words most of which cannot occur alone in an utterance without the 
presence of some other parts of speech. 

8) Modi i jecti: ji 
ae ja, pono precede adverbs or adjectives; 0.85. Examples are 9#//¢ 


(9) Determiners, which include the traditi i i ouns; 
0.97. Examples: most, the, my, that, some. a ena possessive Pron 


ae 


u C, C. Fries, The Structure of English, 1952, 65-109. 
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(10) Prepositions; 0.99. 

(11) Interrogative words and subordinate conjunctions which were pooled for 
this analysis because of the large overlap in composition of the classes; 0.87. 

Sequential analysis. As an approximation to the sequences of grammatical classes 
in children's speech, children’s books were subjected to an analysis of grammatical 
sequences. One hundred or more cases of items in each class were tallied in 
sequence from the texts to yield an estimate of the probability of each class given 
another class, and the probability of occurrence of the class in final position. Tallies 
were discontinued when it appeared that the probabilities for the given class were 
stable. Two tallies were noted for each item, one of the class of the word immedi- 
ately following in the text, and the other of the class of the next word omitting 
functional words. The only major deviation from Fries’ categories was that copulas 
(is, seems) were treated as functional words. 


RESULTS 


Closed-alternative test. Of the 9 items where there were no antonyms 
so that only form-class was at issue, there were 5 showing significant in- 
crease with age in the selection of the paradigmatic alternative (Table 1). 
On the 11 items where antonyms were compared with syntagmatic choices, 
there were 5 significant increases with age. In all, two cases of marked de- 


TABLE I 
PROPORTIONAL CHOOSING SAME GRAMMATICAL Crass ON 
CLOSED ALTERNATIVE TEST 
Stimulus-sets Kindergarten Third Sixth 

vi i and first le 
(with correct pair marked) TË paa (F295) ( Fas 
fire hot —warm 61 30 
witch  wicked—bad 42 > a 
up —high sky 39 4 72t 
lie —cheat bad 36 m 48 
black —dark night 7 S 18 
trees —grass een . 
ball —bat oe 66 S sd 
supper eating —drinking 37 Pa 3 
write desk —table 83 15 32t 
pillow soft —hard 21 ait 52t 
sad —happy fun 15 30 45 
dark night —day 39 26 34 
fast run —walk 36 58 70% 
go —come here 42 47 48 
behind back —front 39 A 54** 
to —from away 27 42 48 
he him —her r 63 66 
light float —sink 6 i 50t 
softer —harder stone a £3 50 
played worked hard 


* Some items were omitted at the end of the test in de tg grade. 
{ Higher proportion than in next youngest group, p<0.05. 


t p<0.01. 0,001. : ; i ; 
Higher thea, por: group, ?<0.01, but not different from middle group 
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crease appeared, both involving the smallest sample, where the propor- 
tions are least reliable. 

Paradigmatic responses in free-association. In counting paradigmatic 
associates on the free-association test, coders used a simple criterion to 
isolate the purest instances of paradigmatic responses. Responses were 
called paradigmatic only (a) if they can occur in the same class as the 
stimulus-word even if each also occurs in other classes, and (b) if they do 
not occur in immedate sequence or separated only by a determiner in 
ordinary continuous speech. Thus, though all are nouns, front-door and 
table-spoon were not tallied as paradigmatic, nor was game-play, The 
second restriction was not generalized to all function-words rather than 
merely determiners, because such a rule would include conjunctions. Al- 
most any pair of words in the same grammatical class might, of course, 
occur in sequence linked by a conjunction. The restrictive rule was prag- 
matic in origin and in practice successfully excluded the cases which ap- 
peared ambiguous as to paradigmatic or syntagmatic status. 

One-tailed tests of significance were made of the increases, and are 
presented only for adjacent groups except when there was a gradual in- 
crease that was not sharply inflected. Of the eight nouns, six showed sig- 
nificant increases between the youngest Ss and those in the third grade 
(Table Il). The remaining two stimulus-words, moon and winter, had a 
very high proportion of paradigmatic responses in the youngest group. 
Five of six verbs, and all of the prepositions, adverbs, pronouns, and 
comparative adjectives showed increases with age. When produced a low 
proportion of paradigmatic responses at all ages. 

The primary responses of adults for most of the stimulus-words was a 
coördinate or antonymous response. It could be argued that the increase 
in paradigmatic responses simply represents a learning of a particular type 
of paradigmatic response, or that it merely represents a culturally stereo- 
typed learning of the primary fesponse or training with conjunctive 
phrases. There are two tests of this explanation. One consists of examin- 
ing the words which do not have high-frequency primary responses in the 
oldest group; namely, game, build, across, when. Three of the four showed 
age-increases, 

A more stringent test consists of examining only responses other than 
those that are primarily adult, thus reducing the sample size in each grade. 
Fourteen items remain with sufficient cases for a statistical analysis, and 
of these eight showed significant increases with age in paradigmatic re- 

sponses. 


Thus the shift to paradigmatic responses cannot be regarded simply as 


a ai aaa aaa a S lll 
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due to increased learning of the adult primary and peculiar to coSrdinate 
or contrast responses. 

Since the number of multiple-word responses decreased with age, it 
could be argued that the change between the youngest Ss and those in 
the third grade is largely a result of learning to isolate single words, The 


TABLE It 


PROPORTION OF PARADIGMATIC RESPONSES ON 
Free-Association TEST 


a. Third Sixth 

Stimulus-word Response-class pa 

tallied (Vass) (N=98)  (WV82) 
table N 18 69§ 79 
moon N 69 80 7 
boy N 69 92: 98 
front N 57 85 i 
night N 57 74 83 
winter N 69 77 83 
hand N, TV 48 74} 79 
game N 15 33* 3 
build TV 15 18 
give TV 15 w 
float TV, IV 33 B 
worked TV, IV 39 55 58 
come IV 33 i T 
walking TV, IV 30 52 H 
from P 12 15 54 
across P, Adv 12 4l 65 
over P, Adv 36 77 
up P, Adv 63 81 77 
out P, Adv 42 18 85 
before P, Adv, SC 33 78 75t 
always Adv 12. 7 58 
there Adv 18 s 94 
yesterday N, Adv 63 7 71 
him Pro 30 64 71 
these Pro, D 18 21 
when Q 12 Aa 73 
softer A 42 71* 62 
hotter A 51 79 gi 
slower A 57 86 87 
worse A, Adv 42 


* Higher proportion than in next youngest group, b<0.05. 
t p<0.01. } p<0.001. § p<0.0001. 


phrase-responses were retained in the tallies on the grounds that these 


a ae i nse, most often 
were the younger child's version of a See ania the older chil- 


consisting of the stimulus-word embedded in a ph Í 
dren the response was often merely the main, or modified, term of the 


_ phrase. Thus, in young children across might elicit across the street; in the 


 third-graders simply street. { 
If only the single-word responses be tallied as a stringent test, a few of 
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the age-changes disappear and all are of course reduced in magnitude. It 
remains substantially true even of the single-word responses that paradi 
matic frequencies increase. 

Syntagmatic responses, The fact that paradigmatic responses increase 
with age does not demonstrate that the remaining responses bear a sys- 
tematic relation to the stimulus-words. They might be randomly selected 
from all grammatical classes regardless of the stimulus-class. 

If the response-words in association were a function of immediate suc 
cession in texts, 459% of associations to transitive verbs would be deter 
miners, and 51% of associations to intransitive verbs would be preposi 
tions. The actual associative probabilities are, in each case, 2%. 


TABLE III 


PROBABILITY OF GRAMMATICAL CLASSES IN TEXTS AND Worp-AssOCIATION 
FOLLOWING SPECIFIED ANTECEDENT CLASSES* 


Noun, Pronoun Intrans. Verb Trans. Verb Adjective 
Response-class_ ————————_ 


Noun, pronoun 31 (.70) 08-235 A S 79.36 
Intransitive verb 19 +21 -01  (.46) -03 02+ .01 .06 


Transitive verb 330.27) 05 09} 01 (46) — 83 
Adjective Ae = web 06.18 202: 02 16 (.71) 
Adverb MOOsee2se ot 02 07 03 | 


* Word-association probabilities include function-words and therefore do not add to 
unity. Parenthesized values represent uncorrected responses in paradigmatic classes. — 
eat When a verb-response to a verb-stimulus was double-coded as both transitive and 
intransitive, only the paradigmatic code was counted, thus decreasing the values in 
these cells, Other double coding was not adjusted, 

When functional words are omitted from the textual count, on the 
grounds that functional words rarely occur in isolation and will, therefore, 
be improbable as associative responses, then the text-sequential probabili- = 
ties are as shown in Table III. The associative responses shown below them 
correspond closely, when corrected so that the probabilities of responses in 
the same form-class as the stimulus-word are based on the expectations if 
the responses are syntagmatic. 

Since there is no way of knowing from inspection which of these re- 
sponses were based on substitution and which on sequence, an arbitrary 
correction was made. The probabilities of same-form-class associative re- 
sponses were assumed to equal those in the texts. ’ 

This table is distorted by two factors. One is not easily modified— 
double coding was used for many responses, and influenced particularly 
strongly the classes of nouns and verbs. The second difficulty is that there i 
is a difference in the basal probability of each form-class, regardless of 
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antecedents, in texts and in association, This is to be expected because of 
the difference between textual frequency and occurrence in single-word 
utterances. It may be noted that the difference was greatest for 
nouns and pronouns, chiefly because the latter were much less common in 
associations than in texts.*? A correction may be made by transforming 
the table into deviations from row-means, omitting the diagonal cells. 
Table III has been presented here in uncorrected form because the correc- 
tion could be made if desired, yet the raw form may be more useful to 
other investigators. The product-moment correlation between contingent 
probabilities in texts and in associations after these corrections was 0.87. 
This correlation may be interpreted as a measure of the dependence of 
associations on the class of the stimulus-word, once corrections for paradig- 
matic probabilities and for differential probabilities of offering a response 
in text and in isolation have been applied. Thus, most of the variance re- 
maining in the word-associations was due to training in textual sequences. 

A few examples may clarify the character of syntagmatic responses. The 
most common response of changed form-class to across was street, to float 
was boat, to come was here, to build was house, to game was play, to 
table was eat, to when was now. The last may be regarded as syntagmatic 
in the sense that it represents a response to a question. 

Some of these responses seem to indicate backward associations, but the 
question of associational direction cannot be solved readily with these data, 
and backward associations undoubtedly confound the data of Table II. 

There were very similar distributions of probabilities in the three age- 
groups when contingent associations were separately examined. There was 
a significant change with age in the direction of increasing frequencies of 
transitive verbs as responses to nouns and decreasing adjectival responses 
to nouns. Possibly this change reflects a change in speech away from de- 
scriptive sentences. z 

Sentence-final position. It was expected that words which can occupy 
the final position in a sentence may have less strong subsequent TR 
matic responses. In terms of the proportion in final position in texts, = 
verbs were highest (0.36), next nouns (0.20), and intransitive verbs anc 
adjectives (0,14). The probability of occurrence in final position of transi- 
tive verbs and function-words was less than 0.03. On these grounds we 
would expect that build, give, from, and when would have strong syntag- 
vould expect that PECES E E EIT 


i ipt ki i kin, pronouns 
“In a day's conversational transcript kindly supplied by W. Sige i iis oe 


in si i ften tl 
occurred in single-word utterances proportionally less ol . 
except functions words. In proportion to their total frequency, nouns were 7 


times as probable. 
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matic associations, and thus less paradigmatic dominance, In addition, 
always, while classed as an adverb, occurs most typically in a pre-verbal 
position or before an adjectival predicate. It may be seen in Table II that 
these words all showed late development of paradigmatic dominance, there 
being a significant increase between the third and sixth grade in paradig- 
matic responses to build, give, from, and always. The proportion of para- 
digmatic responses to from and when remained low even in the sixth 
grade. The proportion of paradigmatic responses in the youngest group 
was highest for nouns, and next for adjectives. 

Clang-associates. Clang-associations are interpreted most broadly as all 
responses with the same initial consonants, with rhyming vowels, or with 
similar syllables included. Two exclusions were made from the tally—stim- 
ulus-words which had clang-antonyms or inflectional affixes such as -ing, 
-er, and -ed, With these restrictions, the average number of clang-asso- 
ciates per child decreased from 8.33 in the youngest group, to 2.73 in the 
third grade and 1.62 in the sixth grade. When only clang-responses which 
were nonsense words or bore no meaningful link with the stimulus-word 
were considered, the difference was more marked, the frequencies being 
4.39, 0.36, and none, respectively, 


Discussion 

The marked increase in paradigmatic responses with age might be a 
result of several factors other than the relative strength of conflicting syn- 
tagmatic responses, Older children may have more practice in single- 
word responses than the youngest. The youngest were tested by an oral tech- 
nique while the older groups wrote their responses. Yet in the controlled- 
choice test, all 14 sets showed increases in written paradigmatic responses 
between the third and sixth grades. 

Perhaps the change as a function of age reflects educational experience. 
First-graders in the schools sampled were using exercise-books practicing 
substitutions of antonyms and synonyms in sentences. Such exercises were 
not in use at the time of the study of Woodrow and Lowell, in which the 
children 9-12 yr. of age showed as high syntagmatic predominance as the 
kindergarteners in the current study. The widespread use of such materials 
in this country might account both for the increase in common (usually 
paradigmatic) responses found by Jenkins and Russell over a 30-yr. period 
in college students," and for the lower degree of commonality of response 


1 . 
to 100 ved ro de Ke TH complete Minnesota norms for responses 


$06, 1954, osanoff test, Technical Report 11, University of Minne- 
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in Europeans.* Yet this explanation does not suffice completely. Wood- 
row and Lowell's adult sample did show many paradigmatic responses, and 
non-literate Navaho adults also markedly prefer paradigmatic primaries.” 
Formal educational practices merely hasten changes which occur with ex- 
perience even without schooling. 

Associational direction. The analysis by classes clearly supports the as- 
sumption of predominance of forward associations, There was no evidence, 
for example, of an increment to noun-adjective or to intransitive verb- 
noun associative responses arising from backward association, when the 
textual probabilities are compared to the associative responses.** 

There is some evidence also for this directional bias in English usage. 
If a word rarely occurs in the final position of a sentence, it also rarely 
occurs alone. These classes—nominative pronouns, copulas, and function- 
words—seem to be the most structurally dependent, apparently because 
some syntagmatic association is very strong. Thus nouns, intransitive verbs, 
adjectives, adverbs, and accusative pronouns, which can occur in the final 
position of a sentence, also appear alone in answers to questions. When, 
however, questions seem to demand a response in a structurally dependent 
class, two kinds of answers are given. The answer may be longer than a 
single word: who's coming? I am. We are. Or the respondent chooses a 
class that can occur alone: Who's coming? me; whose is it? mine. I, we, 
or my did not occur alone as a response in spoken texts. The only excep- 
tion to this pattern is the interrogative-word. ah 

A full test of the hypothesis that frequency of final position is related 
to an earlier increase in paradigmatic responses should be conducted with 
stimulus-words which can occur in isolation, Verbs with known posi- 
tional probabilities would be good candidates for such a study, as would 
subclasses of adverbs, Adverbs of frequency of occurrence typically pice 
cede the verb whereas adverbs of place, manner and absolute time more 
often occupy sentence-final position. 

Of the two models presented earlier, the results of the present study 
conform to the learning model for forward associations, Can this a 
also account for other forms of verbal behavior showing similar age-changes? 
The norms of the Stanford-Binet test and Werner and Kaplan’s study of 


"M. R. Rosenzweig, Comparisons among word-association responses in English, 


French, Germs Tian, this JOURNAL, 74, 1961, 347-360, 
Eeh German ANN ate sor the Pea Project in Comparative 
Psycholinguisti Horowitz and Susan Ervin. 

sari Ane aad Marbe, op. cit, 56-63, ate retabulated separately 


i i r, and 
or intransitive and transitive verbs, verb-responses dominate for the former, 
nouns for the latter. 
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nonsense-words both showed age-changes in definitions. The younger 
children offered sentences as definitions; the older offered synonyms. Brown 
and Berko have shown that there is a high correlation between paradig- 
matic dominance in associations and synonymous definitions, for various 
grammatical classes.1* The simple model of forward-association does not 
seem adequate to account for synonymous definitions of nonsense-words 
such as those found by Werner and Kaplan, but experimental evidence is 
not available on this point. 


SUMMARY 


Children in kindergarten, first, third, and sixth grades were given free- 
and two-choice associative-tests. It was found that there was a significant 
increase with age in the proportion of responses in the same grammatical 
class as the stimulus-word, with an earlier increase in words occurring more 
often in final position in sentences than in words typically medial in sen- 
tences. There was a decrease with age in clang-associations. When paradig- 
matic associates were removed, there was a correlation of 0.87 between the 
transitional probabilities of five grammatical classes in word-association, 
and the five classes in texts with the function-words or connective words 
eliminated. The functional-words do not ordinarily occur in isolation in 
speech and virtually never occurred as tesponse-words in association. 

These findings Support a theory of associations based on training by 
forward contiguity in speech, Responses in the same grammatical class as 
the stimulus can be learned on the basis of occurrence in the same preced- 
ing verbal contexts. Their predominance over sequential associations from 
speech could derive from the relative variety of the contexts of the stimu- 
lus-word, and from the relative strength of substitutable terms. Both con- 
textual variety and size of vocabulary increase with age and hence re- 


sponses should come increasingly to correspond in grammatical class to 
the stimulus-word. 


“Heinz Werner and Edith Ka 
velopmental study, Soc. Res. Chi 
*R. W. Brown and Jean Berk 
mar, Child Development, 31, 19 
on change with age reported here, 


lan, The acquisition of word meanings: A de- 
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OBJECTIVE MEDIATORS IN PAIRED-ASSOCIATE LEARNING 
By ALLAN BarcLay, Saint Louis University 


The various hypotheses which have arisen with respect to mediational 
variables in the modern theories of learning, although differing in details, 
are quite similar. They derive historically from the classical association- 
ists’ position on the problem of mediate association. Stated in its simplest 
form, this position holds that an associative connection between two 
terms, not themselves directly associated, is mediated by a third term 


which bears an associative relation to the original terms.* This position 


allowed the associationists to deal more readily with complex cognitive 
Processes. For example, it allowed them to account for the occurrence of 
‘new’ ideas, which seemed to occur in the absence of any known asso- 
ciative relation between the ‘new’ idea and its immediate predecessor, on 
the basis of some actual association which the ‘new’ idea and its prede- 
cessor shared in common. This common association (or in more modern 
terms, common response) is the basis for a mediational explanation which 
is widely current in experimental work on Jearning.* 

For the most part these studies accept, in one form or another, and often 


implicitly, the interpretation of mediational effects in terms of common 


associations. Although this explanation has been accepted by many experi- 
menters, the actual operation of these intermediaries is unknown. The 
problem of how mediation occurs in association is crucial. It has been 
difficult, however, since the presumed mediators are considered unob- 
servable,? to formulate an experimental design in which the effect of 


mediation qua mediation could be discovered. This lack of observable 


mediators has led to the proliferation of speculative hypotheses about mer 
= nature and operation. 


The present study addressed itself to an evaluation of mediation in 


is based on a dissertation 
phy degree in the Depart- 
J. M. Vanderplas. 


* Received for publication May 31, 1960. This article 
submitted in partial fulfillment of the Doctor of Philoso 
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paired associative learning to determine whether effects often attributed 
to mediation are indeed due to mediation per se or are attributable to other 
sources within the framework of the experiment. 


METHOD 

Experimental design, The experimental design for this study was essentially a 
mediate associational design with provision for the inclusion of an objective medi- 
ator. The paradigm is indicated in Table I, where Sb and Sa are random shapes 
and Re and Rd are nonsense-syllables, both having known associative values.* The 
contingency of the objective mediator Sb in the experimental groups was de- 
pendent upon S's correct response to Rd and was presented on a random schedule 
according to which level of associative strength of the mediator obtained for the 
given experimental group. The experimental method was the traditional one of 
learning by paired-associate, with the exception that in order to render the medi- 


TABLE I 
EXPERIMENTAL PARADIGM 
Experimental Control 
Task 1: Sb—Re Four experimental groups; Task 1: Sb—Re Contingent Sb 
Task 2:Sa—Rd...Sb contingent Sb present oa Task 2: Sa—Rd not presented 
‘Task 3: Sa—Re either 25%, 50%, 75%, or Task 3: Sa—Rc 
100% of correct Rd re- 


sponses 


ator objective, if $ responded with a correct Rd, the random shape serving as the 
mediator (contingent Sb in the experimental paradigm) was presented contigu- 
ously with the correct response Rd, ie. the Sh in Task 2 trials was contingent 
upon a correct response and was under experimental control. Thus, presumably, on 
Task 3 trials the following state of affairs existed; Sa — (Rd - « Sb) — Re where 
Sa evoked Rd because of the Previously learned associative connection and in turn, 
Rd evoked Sh by virtue of their contiguous associative pairing. Since Sb was as- 
sociated with Re in the prior experience of the S, Sb should have evoked the 
response Re with greater facility than if such an objective mediator were not avail- 


able, as in the control group. Note that in Task 3 trials the stimulus-member Sa 
should tend to evoke the sequence leadi 


of an inferred associative connection 
nections. Thus, the mediator became objecti 


Subjects. Fifty-five university students, randomly assigned to the experimental 
and control groups, 


r » were used as Ss. All were volunteers from summer school 
c sag and were equivalent in age and educational status. 

s 5 Hi and apparatus. Stimulus-materials for the study consisted of eight- 
point random shapes with an average associative value of 37% and were printed 


* The identification of stimulus- 
identification of the materials. to, a 
will be used consistently througho! 


ponse-terms by S and R, as well as the 


be learned by lower case letters, a, b, c€.. - % 
ut this paper. 
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photographically on high contrast paper (black on white)” Response-materials 
consisted of nonsense-syllables, with an average associative value of 36%, con 
ted into lists according to standard rules." The experimental apparatus con- 
“sisted of a Lafayette memory drum modified to permit contingent presentation of 
the mediating stimulus. 

Procedure. The method of paired-associates was used throughout. Each stimulus- 
“member, exposed for 2 sec., was followed by a 2-sec, exposure of the stimulus- 
and response-members together. A 4-sec. interval elapsed between successive trials. 
Learning was carried to a criterion of three consecutive errorless recitations. 
Instructions. All the Ss were instructed as follows: 


This is an experiment on learning. A series of nonsense-shapes and nonsense- 
syllables will be shown to you through this window. A nonsense-shape is a shape 
without any meaning just as a nonsense-syllable is a combination of letters without 
‘any meaning. I wish you to look at these shapes and syllables carefully as they 
appear in the. window. After you see the shape alone for 2 sec., the drum will turn 
and show the shape together with a syllable for another 2 sec. There are a num- 
ber of such pairs in this list which will be shown to you in this manner. Your 
task is to learn what syllable goes with what shape and to spell out for me that 
syllable, before the drum turns. The first time through the list I wish you to learn 
as many of the pairs of shapes and syllables as you can. After the first trial, the 
same list appears over here but in a different order. Remember, your task is to 
spell out each syllable before it appears in the window, Don't be afraid to go ahead 
and spell out what you think the syllable is even if you're not sure that it is right. 
It will be easier for you to learn this list if you begin trying to spell out the 
syllable right away. It will take several trials before you learn the list 

but do not get discouraged. Keep trying and do as well as you can. Ready? 


For the experimental groups the following additional instructions were given 
at the time of presenting the second list, on which the contingent mediator would 
"appear: 


The method of presentation was, in some measure, the crux of the experiment 
since it was necessary to present the contingent mediator contiguously with 
a correct response to provide for an objective and observable mediator. 
To present this contingent mediator contiguously with the correct response, 
a method was devised wherein the mediator would always be present but 
‘only observable to S in the event of his correct response, and then only if the 
tandom presentation schedule for the level of associative strength of the mediator 
for a particular experimental group indicated that the mediator was to be pré- 
sented. The mediator was so placed on the lists of materials to be learned that 
‘it always occurred in the paired-associate presentation as a third member of the 
Stimulus-response pair, i.e. the mediator was an integral member of the paired- 


"J, M. Vanderplas and E. A. Garvin, The association value of random shapes, 


exp. Psychol., 57, 1959, 147-154. s EEG 
F “E.R, Hilgard, Methods and procedures in the study of learning, in S. S. Stevens 


(ed.), Handbook of Experimental Psychology, 1951, 517-567. 
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associate group. To control the presentation of the mediator to $ the memory-drum 
was modified by the addition of a shutter so constructed that it would normally 
show only the regular response-members but when activated by E it would show 
the response-member contiguously with the mediator. This shutter consisted of a 
flat metal plate, with apertures corresponding to the size of stimulus- and response- 
members in one position and with apertures corresponding to the size of the 
response- and mediator-members in its other position, held by a metal track allow- 
ing it to move freely in a vertical plane. Thus, in the normal position both 


TABLE II 


MEANS AND STANDARD DEVIATIONS FOR EXPERIMENTAL AND 
Controt Groups, Lists 1, 2, AND 3 


List 1 List 2 List 3 

Group —— 

bA SD Sa SD x SD 
E-25 30.09 6.78 17.45 6.56 14.00 4.78 
E-50 26.27 8.88 12.27 7.69 13.09 3.88 
E-75 27.27 8.97 15.00 5.37 14.00 4.00 
E-100 31.18 6.72 16.73 6.62 14.54 3.46 
Control 37.54 4.16 24.09 9.49 23.36 7.61 


stimulus- and response-members could be seen through the aperture but the medi- 
ator was concealed. In the other position the response-member and the mediator 
could be seen through the aperture but the stimulus-member was concealed. This 
arrangement allowed the mediator to be presented contiguously with the correct 
response upon which it was dependent. It was thought that this contiguous pairing 
was essential to the development of mediation since it provided for an associative 
connection to be established experimentally which could then serve to mediate 
faster learning among the experimental groups in subsequent test-trials. Thus, al- 
though the essential method was that of traditional paired-associate learning the 
provision for presentation of the contingent mediator by means of the modifications 
discussed above offered a method for experimental control of the mediating stim- 
ulus-object. It will be noted that the experimental paradigm for this study can 
be thought of as a traditional mediate associative design but with an extension of 
the response-term in second-task learning trials, In other words, the whole term 
Rd ve Sb which was presented earlier in the discussion of the experimental 
paradigm is really synonymous with the usual second-task term, but has been so 
modified as to provide for experimental control of the mediator. This offers a 
means of testing experimentally certain hitherto untested assumptions as to the 
nature of mediation and the manner in which it proceeds, and, it further provides 
for the comparison of mediation and transfer as separable effects. That is, it offers 
a sensitive method for allowing mediation to develop in the experimental groups 
as a result of the contingent mediator and by reference to the level of transfer 


existing in the g e facilitativ effect ontingel i 
the control toup th tive eff tingent mediator, 1 
t of the co Bi 


RESULTS 
Statistical analyses. The means and standard deviations of Lists 1, 2, and 


3 are presented in Table II. It will be noted that while the means for 
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the investigated groups are consistent among themselves on all lists, the 
means for the control group are higher on all lists than any of the means 
of the experimental groups. 

As a first step in the statistical treatment of the data, an analysis of 
variance of the scores of Task 3 learning was performed. This analysis 
is presented in Table II. 

The F obtained indicated that a significant effect existed among the 


TABLE IMI 
ANALYSIS OF VARIANCE OF SCORES FOR List 3 
Source df. Mean square F 
Between 4 199.65 8.04* 
Within 50 24.84 
Total 54 
* p<0.01, 
TABLE IV 
ANALYSIS OF VARIANCE OF SCORES FOR Lists 1 AND 2 
List 1 List 2 
Source 
df. Mean square F df. Mean square R 
Between 4 211.33 3.99* 4 216.02 4.03* 
Within 50 53.00 50 53.59 
Total 54 5 
* p<0.01. 


groups as a result of the experimental procedure. A test of the homogeneity 
of variance of scores for List 3 was made since the F obtained, which 
was significant, might have arisen as a result of differences among the 
variances rather than a result of differences among the means.’ The 
obtained Chi-square (6.60, df. 4) was not significant and indicated that 
the F obtained did not arise from lack of homogeneity among the vari- 
ances, Inasmuch as the mean score (trials to criterion) for the control 
group on Lists 1 and 2 was higher, however, than any of the mean scores 
for the experimental groups, an analysis of variance for these lists was 
undertaken to determine whether significant differences existed for those 
lists. The results of these analyses are presented in Table IV. 

The Fs obtained for Lists 1 and 2 indicated that a significant effect did exist 
among the groups on both lists. This result was unexpected, since random assign- 
ment of Ss to the experimental groups should have produced relatively homo- 
geneous performance on these lists. Such an observed effect could have arisen as 4 


i in means. 
result of differences in variances among groups as well as of aia Pes PA 
A test was, therefore, made to determine whether the groups were random p 


hological Research, 1950, 195-197. 


A. L. Edwards, Experimental Design in Psyc 
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having a common variance. Tests for homogeneity of variance indicated that the 
hypothesis of random sampling from a population having a common variance was 
tenable since none of the observed Chi-squares was Significant (List 1: 3.70, df. 4; 
List 2: 8.89, dj. 4). It may be inferred on the basis of this test that the differences 
which exist among groups are due to differences among the means and are not 
due to differences among the variances. 


TABLE V 
ANALysIs OF COVARIANCE OF SCORES CONTROLLED FOR PERFORMANCE 
List 1 List 2 Lists 1 and 2 
Source oe 
Mean Mean Mean 
df. square F df. square F df. square F 
Total 53 53 53 
Within 49 20.83 49 15.24 49 18.03 
Adjusted 4 86.59 4.16* 4 101.70 6.67* 4 63.01 3.49¢ 


* p<0.01. + p<0.05. 


The finding that significant effects existed both on List 1 and 2 as well 
as on List 3 meant that it was necessary to develop a statistical control 
for the differential performance among the groups on the initial lists. 
That is, the effect of the greater number of trials to criterion for the 
control group could have been the basis for the significant result found 
on List 3. If this were true, it was then necessary to ascertain whether the 
significant result still remained when the effect attributable to differential 
initial performance-level was statistically controlled. The appropriate 
technique for this control was the analysis of covariance, and the results 
of those analyses are presented in Table V. 

The results of these analyses indicated that a significant treatment-effect 
on List 3 remained when controls were exercised separately over first and 
Second list performance as well as when cotnrols were exercised over first 
and second list performance combined. Thus, the significant effect found 
for List 3 is not attributable to differences among groups with respect to 
their earlier performance on Lists 1 and 2. To ascertain the actual mean 
trials to criterion, for a more Sensitive compari 
ences among the groups are taken into account, it is possible, however, to 
adjust the means statistically. This is done by introducing an adjustment 
which depends upon the regression coefficient within groups and the de- 


viation of the observed mean for a particular group from the grand mean 


of the total group. The results of this adjustment for the present data are 
presented in Table VI. 


a can be observed that the adjustment of the means of the combined 
experimental groups and the co: 


ntrol group, to allow for the disparity 


son of means when differ- 
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originally existing with respect to mean scores, still reveals a difference in 
trials to criterion. To evaluate these mean differences, t-tests were made, 
The results indicated that a statistically significant diference existed be- 
tween the adjusted means of the combined experimental groups and the 
adjusted mean of the control group (List 1, + = 6.55, df. 55, p <0.01; 
List 2, £ = 6.51, df. 55, p <0.01; List 3, £ = 10.27, df. 55, p <0.01). A 
further inspection of these adjusted means indicated that order-effects 
attributable to the strength (probability of occurrence) of the mediating 
association were not present. Additional #-tests comparing the weakly as- 
sociated mediation group (E-25) with the strongly associated mediation 


TABLE VI 
ADJUSTED MEANS, CONTROLLED POR Lists 1 axp 2 Counen 
Observed means Regression Adjusted means 

Group coefficient 3 

(Yi) (Xi) (bw) Yi-—(bw) (Xi—X) 
E-25 14.00 47.54 Es 14.01 
E-50 13.09 38.54 (. 14.90 
E-75 14.00 42.27 ed 15.06 
E-100 14.54 47.91 (.20 14.47 
Control 23.36 61.64 (.20) 4S 
Grand Mean 15.80 47.58 


group (E-100) and comparing the highest experimental group's mean 
score on List 3 (E-100) with the lowest experimental group's mean score 
on List 3 (E-50) failed to reveal any significant differences among the 
experimental groups, even when a biased selection of means was made to 
allow differences to appear (E-25 vs. E-100: ¢ = 0.43, df. 22, p > 0.70; 
E-100 vs. E-50: t = 1.30, df. 22, p >0.20). Thus, although the combined 
experimental groups do differ from the control group they do not appear 
to differ significantly among themselves. In the absence of such pee 
the significant over-all F was not convincing evidence for the presence of a 
mediation-effect. 3 

The accompanying Fig. 1 presents a graph of the adjusted mean scores 
as an aid in visualizing the function which relates the scores je 2 
the probability of the occurrence of the contingent mediator. sid c- 
tion is essentially linear except for the part of the curve ai bea 
trol group and the E-25 experimental group. The flatness of patie? 
bears out the findings of the #-test, previously reported, joa ens 
any, differences exist among the experimental groups W am 
attributed to variations in the occurrence of the contingent m eon es 

Following these basic analyses, several subsidiary analyses were COnCUCH™ 
first EN bi conducted to test the hypothesis of a common regression line for 


380 BARCLAY 


all groups. This hypothesis was found to be untenable (List 1-3, F = 4.17, d}. 4, 49, 
p < 0.01; List 2-3, F = 6.68, df. 4, 49, p < 0.01; List 1, 2-3, F = 3.49, df. 4, 49, 
P < 0.05). From these significant F-ratios it can be concluded that the differences 
among groups were not due to differences in initial performance-level and that an 
effect due to the experimental treatment was present. 

The second analysis was conducted to test the hypothesis of a common slope for 
the regression lines. This hypothesis was found acceptable (List 1-2, F = .786, 
df. 4, 45, NS; List 2-3, F = 1.95, df. 4, 45, NS; List 1, 2-3, F= 09, df. 4, 
45, NS). These non-significant F-ratios indicated that although the regression lines 
were not common for all groups, as shown in the first subsidiary analysis, the slope 
of the regression lines for all groups was the same. 

A third analysis, to test for linearity of regression, resulted in non-significant 
F-ratios for Lists 1-3 and combined Lists, 1, 2-3 (Lists 1-3, F = 1.63, df. 3, 49, NS; 


25% 50% 75% 100% 
PROBABILITY OF OCCURRENCE 


Fic. 1. ADJUSTED MEAN TRIALS TO CRITERION WITH LIST 3 
(Controlled for initial performance on Lists 1 and 2.) 


Ue 1, 2-3, F=1.80, df. 3, 49, NS) but in a significant F-ratio for Lists 2-3 
(Lists 2-3, F= 7.68, df. 3, 49, p. <0.01), From these results it may be inferred 
that the regression is linear for Lists 1-2 and Lists 1, 2-3 but that the regression is 
probably non-linear for Lists 2-3. The non-linearity of List 2-3 may be attributed 
to the fact that in both the experimental and the control group some Ss required 
more trials to reach the criterion of mastery for List 3 than for List 2. This 
would seem to indicate the Presence of some negative transfer effects on List 3 
as a result of learning new responses to old stimulus-objects. 


Discussion 


The Statistical variance of our studies shows that a sensitive method of 
testing the effect of mediation was employed. Since we inferred no evi- 
dence of an effect due to mediation, we conclude that mediation either has 
no effect or its effect is so closely interwoven with general transfer that it 
cannot be distinguished even when fairly sensitive techniques are em- 
ployed. If this conclusion is correct, then the postulation of separable 
mediation effects in verbal learning is untenable, Positive findings in 
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carlier studies of mediation can more satisfactorily be explained in terms 
of transfer. This explanation is more parsimonious and it is also more 
satisfactory, since it can account for observed results without recourse to 
theoretical constructs that lack experimental verification. 

Effects of mediation have, to be sure, been demonstrated in a variety of 
contexts. A fact of considerable importance in considering this, however, 
is that these demonstrations have typically been within a transfer paradigm, 
cither implicitly or explicitly, Furthermore, the broader context of the 
effects of generalization encompasses the concept of mediation. Mediation 
can be considered as a special case of transfer, and, to some extent, trans- 
fer can be considered as a special case of a more general theory of stim- 
ulus- and response-generalization. From this point of view, an explanation 
of certain facilitative effects in verbal learning as being wholly due to 
mediation has doubtful validity. It seems more to the point to consider 
that these facilitative effects (usually an increment in ease of mastery on 
criterional trials) involve general transfer-effects. This should not be 
construed as arguing for a total abandonment of mediation since it seems 
to be useful in dealing with response-mediated behavior involving physi- 
cal response-sequences. The ‘mediation hypothesis’ (specifically that as 
formulated by Osgood) seems adequate in the context in which it was 
originally formulated." Its extrapolation to cover the phenomena of trans- 
fer in verbal learning, where transfer and generalization effects may pro- 
ceed along different dimensions than those involving physical response- 
sequences, seems, however, to be forced. 

The establishment of a simpler conceptual framework for the interpre- 
tation of observed facilitative effects can best be approached by way of the 
existing concepts of transfer. Transfer is ubiquitous in learning studies 
and, as a consequence, it seems reasonable to consider some implications of 
transfer which will aid in understanding so-called effects of mediation. It 
is thought that more attention should be focused upon general transfer, 
broadly defined, in contradistinction to current emphasis upon limited 
specific stimulus-response relations. 

In this connection, Harlow's work on the development of learning sets is 
apropos® He indicates that the experimental emphasis upon comparatively specific 
and isolated responses, typified in many learning studies, has drawn attention away 
from more general and common situations in ordinary learning where behavior 
occurs in a broad context of stimuli and is repetitive in nature rather than being 
confined to isolated specific responses. From this general framework, he develops 

BE ere formation of learning sets, Psychol. Rev., 56, 1949, 51-65. 
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tion results in a generalized set to learn. This situation is quite analogous to that 
which obtains with cumulative positive transfer in paired-associate learning. The 
generalized set to learn proposed by him would seem to be a result of some form 
of non-specific general transfer. Many of the observed facilitative effects found in 
Studies of mediation in verbal learning are amenable to an interpretation in terms 
of this generalized effect of transfer. 

One line of evidence for this position is offered in the theoretical analysis of 
transfer by Osgood.” In his treatment of transfer, a formal analysis of certain 
phenomena is set forth. Among other observations, he notes that the negatively 
accelerated curve of cumulative positive transfer could occur as a function of the 
learning of general habits from trial to trial. These habits, conceived to include the 
assimilation of general principles, modes of attack, or specific techniques, when 
transferred from trial to trial lead to a progressive facilitation of learning. Such a 
facilitation could be the basis for a postulated effect due to mediation although the 
effect may, in reality, be due to transfer. The advantage in ease of learning for 
experimental groups on criterional trials does not argue against this interpretation 
nor does this advantage indicate that the increment in facilitation of learning over 
and above that of the control group is due to mediation per se. It may more prob- 
ably be due to an added enhancement of a generalized effect of transfer which is 
provided by alterations of the stimulus-conditions existing among the experimental 
groups. This interpretation of the experimental effect observed in studies of media- 
tion is supported by the recent findings of Crawford and Vanderplas.” 


With reference to our point that mediation does not exist independently 
of transfer, it should be noted that the design of the present experiment 
Provides for the independent variation of only a single variable—the 
Presence or absence of the mediating stimulus, all other factors being 
cither controlled or their effect so randomized that no differential effects 
were present. The design, moreover, allowed for both positive and nega- 
tive transfer. Since negative transfer is relatively transient, the facilitative 
effect of positive transfer remained dominant. Equal amounts of nega- 
tive transfer should have existed for both experimental and control groups, 
because of the use of identical learning tasks, although an alteration in the 
stimulating conditions for the experimental group could possibly have 
lessened the amount of negative transfer for this group. 

A further examination of the conditions of this study indicate that some 
variations in the stimulating conditions were present, which produced 
the observed difference between the combined experimental groups and 
the control group on criterial trials.23 Thus, changes in stimulating con- 
SR een nail ae 
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J; L. Crawford and J. M. Vanderplas, An experi iation of 
transfer in paired associate learning, Ts ep. Poyebol, 47, 1959, pats oo 
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ions of the experimental groups (the contiguous presentation of the 
ing stimulus-objects) may have decreased the amount of retro 
tive inhibition. If so, positive transfer would be enhanced by the reduc- 
tion in negative transfer and would produce the apparent significant dif- 

rence between the combined experimental groups and the control group. 


SUMMARY 


‘An evaluation of the relative contribution of mediation to transfer 
acts in verbal learning was undertaken in this study. The provision for 
ervable mediating stimuli interposed in the presumed mediation process 
fered a sensitive comparison of mediated transfer as contrasted with 
meral transfer. Statistical analysis suggested that there was little con- 
vincing evidence for the presence of an effect that could properly be 
attributed to mediation per se. It was thought that interpretation of the 
shenomena of mediation by recourse to the inferred action of mediating 
muli might more parsimoniously be ascribed to the effects of transfer 
that, when general and specific transfer effects are controlled, the 
residual increment in learning attributable to mediation is insignificant. 


MEASUREMENT OF ABSOLUTE OLFACTORY 
SENSITIVITY IN RATS 


By Wirtiam R. Gorr, Yale University School of Medicine 


Earlier researches on olfaction in animals have been qualitatively 
oriented, reflecting a lack of adequate methods for precise, quanitative 
measurement of sensitivity. This study, an attempt to supply this lack, de- 
scribes a method of determining the absolute sensitivity of rats to three 
homologous hydrocarbons. 

The olfactometer described here controls the olfactory environment dur- 
ing stimulation. It permits the Presentation of specifiable, homogeneous 
stimuli which are smelled under normal conditions of breathing and 
sniffing. Environmental control prior to and between stimulations is neces- 
sary as it eliminates general or selective adaptation which would result from 
exposure to irrelevant odors. The olfactometer presents the stimuli in the 
low concentrations that are necessary to measure absolute sensitivity. 

The behavioral method of measuring sensitivity consists (1) in devel- 
oping an operant discrimination in which presence of an odor in the re- 
sponse-chamber produces cessation of the operant response (bar pressing). 
When this has been established, the discrimination is then (2) made 
progressively more difficult by lowering gradually the concentration of the 
olfactory stimulus. The degree of discrimination is indicated by the number 
of bar-presses made in its presence. 


METHOD 

Apparatus. One- and two-liter Erlenmeyer flasks, fitted with Teflon stoppers,” 
serve as odor-containers (Fig. 1). Three types of flasks—generator, dilution, and 
reservoir—are used, The Stopper of the generator-flask is pierced by a #18 hypo- 
dermic needle (A) with a valve (B) modified from a Luer Loc stopcock. A glass 
column (C), containing deodorizing chemicals, permits equalization of flask-pres- 
sure with the atmosphere by Opening the stopcock (D). A mercury manometer 
(E) indicates flask-pressure. The dilution-flasks have only the hypodermic-needle- 


* Received for publication March 23, 1960. Thi 
toral dissertation submitted to the University of Virginia. The author is indebted 
to Professor Frank A. Geldard, who directed the research. 

"While this paper was in Press, J. T. Eayrs and D. G. Moulton (Quart. J. exp. 
Psychol., 12, 1960, 90-98) published an account of an apparatus for the quantita- 
tive eent of olfactory acuity in rats. 
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and-valve assembly and a glass stirrer (F) attached to a bar-magnet sealed in 
glass (G). The reservoir-flasks have a valve, manometer, stirrer, and glass-arms to 
connect the flask into the olfactometer via ground-glass joints. The arms may be 
sealed off with glass plugs (1). 


GENERATOR DILUTION RESERVOIR 
FLASK FLASK FLASK 


Fic. 1. THREE TYPES OF FLASKS 


Odor-vapor is initially generated by allowing an odorant to vaporize in a gen- 
erator-ask at constant temperature and atmospheric pressure until a vapor-pres- 
sure-to-partial-pressure equilibrium is reached. Under equilibrium-conditions, the 
concentration of the odorant can be calculated. The flask contains an excess of 
odorant. When odor-vapor is withdrawn, further vaporization of the odorant 
reéstablishes the equilibrium. 

Odor-concentrations are lowered by successive dilutions. A dilution consists of 
withdrawing a sample from the generator and injecting it into a dilution- or 
reservoir-flask containing deodorized air. Since the maximal single-step dilution 
that is practicable is 2000 to 1 (1 cc. of odor-vapor injected into a 2-1. flask), 
odor-concentrations below approximately 107 mg./l., require intermediate steps 
using one or more dilution-flasks. The final reduction, however, is always made 
into a reservoir-flask. 

Odor is transferred between flasks by means of Luer Loc hypodermic syringes. 
A syringe is locked onto the flask-valve, the valve opened, a measured amount of 
odor-vapor withdrawn, and the valve closed. A holding clip is attached to the 
syringe-plunger; the syringe is removed and locked onto the valve of the next flask. 
This valve is then opened, the holding clip removed, and odor injected. Since, 
prior to injection, an amount of air is withdrawn from the dilution-flask which 
equals the amount of odor to be injected, the contents of the flask are at atmo- 
spheric pressure after injection. Complete homogenization of the odor-vapor with 
the diluent air is critical. It is accomplished without violating the flask-seal by sev- 
eral minutes of rapid rotation of the glass stirrer by external magnetic activation. 

When the necessary dilutions have been made, the reservoir-flask containing the 
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desired stimulus-concentration is connected into the main apparatus shown in Fig. 
2. To present the stimulus to the animal, a two-way Luer Loc stopcock (A) i 
turned to connect the odor-reservoir to a 100-cc. hypodermic syringe (B). The 
syringe-plunger is raised to draw in 20 cc. of odor and is held momentarily if 
this position. The resulting vacuum in the odor-reservoir siphons purified water 
from a flask (C) until the entire system returns to atmospheric pressure, where 
upon the siphon stops. The stopcock is then turned to connect the stimulus-syringe 
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FIG. 2. SCHEMATIC DIAGRAM OF THE APPARATUS 


| ODOR RESERVOIR 
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to a hypodermic needle (D) which Projects through a Teflon stopper into the tube 
(E) leading to the response-chamber. The plunger of the syringe is released and 
the weight (F) causes it to fall, injecting the odor into the air-stream flowing 
through the tube (E). The rate of odor-injection is 2 cc./sec. and the rate of air 
flow is 543.33 cc./sec. This further dilution is considered when calculating the 
stimulus-concentration. Three stationary vanes whose blades are set in opposition 
to each other homogenize the injected odor and flowing air. A second stimulus- 
system identical with that just described, permits the delivery of a non-odorous, 
control stimulus, The function of a stimulus-system, i.e. whether it presents odor 
Or serves as the control, is varied randomly from day to day. 


from the reservoir without some means of pressure- 


ume. In the present experiment, the extremely low — 
: d rocarbons in water permitted replacing the stimulus- 
volume withdrawn with purified water, If water-soluble odorants are used, some 
other liquid in which the odorant is insoluble must be substituted. For equaliza- 
tion of Pressure to be precise, the water level in (C) must be constant. Water 
flowing from (C) into the reservoir lowers the level in (C) admitting air into 
(G) via (H). (G) is a wate -reservoir from which water flows to (C) until 


(H) is again sealed. All air admitted to thi z 
chemicals in (1), this system passes through deodorizing 
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The olfactometer is easily disassembled. Prior to use, it is taken apart and 
cleaned in glass-cleaner followed by a hot sulphuricacid-potassiumdichromate 
solution, The dilution- and reservoir-flasks are flushed with deodorized air and 
sealed. Excepted from this daily procedure, the generator-flasks and their contents 
are kept continuously at equilibrium in a constant-temperature bath. 

The response-chamber is a cylindrical glass ‘wind-tunnel’ 4 in. in diameter and 
91 in. long. A stream of air, dried and deodorized by passage through calcium 
chloride, coconut charcoal, and silica gel, flows through the chamber continuously. 
A glass response-bar and a drinking fount project into the chamber from the 
bottom. Water presented via the fount reinforces bar pressing. Responses are 
counted electrically. Cumulative records may be used to provide a graphic descrip- 
tion of over-all behavior, 

As an empirical check on the accuracy of the method of generating, diluting, 
and presenting the stimulus, odor-concentrations were independently determined 
using a gas chromatograph. The average error between the calculated odor-con- 
centration and the concentration predicted on the basis of the chromatogram for 
concentrations of 0.208 mg./I. and 0.052 mg./l. was 5.56%. 

Procedure. The procedure for developing the discrimination consists of four 
parts: (1) training the cessation of bar pressing to the odor-stimulus; (2) training 
continued pressing to the non-odorous stimulus; (3) testing the response to the 
odor-stimulus; and (4) testing the response to the non-odorous stimulus. The non- 
odorous, control-stimulus prevents any irrelevant cues which may be concomitant 
with the presentation of the odor-stimulus (e.g. sound of syringe-plunger falling, 
valves being turned) from becoming part of the discriminative situation and pro- 
vides a baseline against which to compare responses to the odor? 

At the beginning of training, the bar-pressing response is shaped on a continuous- 
reinforcement schedule. As the response develops, the schedule is gradually shifted 
to a variable ratio of 3:1, 5:1, and, ultimately, 10:1. The animal's orientation in 
the apparatus while bar-pressing is critical. It is trained to press with its left 
forepaw while its nose is pointed into the oncoming air-stream. This position 
optimally orients the animal to receive the stimulus; odors from its body, from 
waste, as well as residual stimulus-odors, are flushed out of the chamber behind it. 

When a reasonably stable rate has been developed at either 5:1 or 10:1, dis- 
criminative training is begun with a stimulus-concentration considerably above 
threshold. The odor-stimulus is presented for 10 sec. Reinforcement ceases with 
the onset of odor and remains off for a minimum of 45 sec. If, at the end of 45 
sec., § has not touched the bar during the preceding 5 sec., reinforcement resumes. 
If this requirement is not met, reinforcement is withheld until 5 sec. of this type 
of withdrawal is obtained. The next press then is reinforced, and the regular - 
schedule is resumed. The behavioral criterion for the resumption of reinforcement 
precludes reinforcing a period of pressing. This discriminative procedure is re- 
peated at 1-2 min. intervals until presentation of the odor begins to produce 


3 A further check against the presence of irrelevant, discriminative cues may be 
introduced at the discretion of E. The odor-reservoir flask is removed from the sys: 
tem and replaced with a flask containing no odor. ‘Training and testing are Carri 
out with this pseudo-odor system using the same reinforcement-procedure as is 
when odor is present. A cessation of bar-pressing when a pseudo-odor is presented 


indicates the presence of irrelevant cues. 
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Cessation of response, At this point, the non-odorous control-stimulus is interposed, 
initially about every fifth stimulus, but with increasing frequency until odorous 
and non-odorous stimuli are being presented equally often. The duration of the 
injection of the control-stimulus during training is made sufficiently long to insure 
that the animal receives one or two reinforcements in its presence. 

When the discrimination appears established, it is tested by comparing the 
number of bar-presses made in the first 10 sec. of odor-stimulation with the num- 
ber made in 10 sec. of the control-stimulus with reinforcement absent. Since the 
latter measures the tendency to respond with all components of the odor-stimulus 
present except odor, a difference in responding from this baseline in the presence 
of odor is attributable to the odor. 

Because repeated testing without any retraining would tend to destroy the dis- 
crimination, retraining trials are interspersed with testing trials throughout the 
course of sensitivity-measurements. The procedure for testing the reaction to the 
odor-stimulus is identical with the first 10 sec. of an odor-training trial; therefore, 
if the number of bar-presses made during the first 10 sec. of a training trial are 
noted, the training trial also serves as a testing trial. 

In summary, training and testing the discrimination consists of the following: 
test-train odor, train non-odor control, and test non-odor control. A daily session 
includes each of these three Occurring five times in random order. The discrimina- 
tion is considered established when 5 or fewer responses occur in the presence of 
odor in contrast to 20 to 30 responses in the presence of the non-odor control. 

When the discrimination is established, the sensitivity to a given odor is meas- 
ured by progressively decreasing the stimulus concentration by log steps while 
continuing the training and testing procedure. The discrimination is trained and 
tested at each concentration for three days. The absolute threshold is defined as the 
point of discriminative failure. Discrimination js judged to have failed at that con- 
centration where the same number of responses are emitted to odor as to non-odor 
for three successive days. In other words, the absolute threshold is the strongest 
odor-concentration at which no difference in the animal's behavior toward the 
odorous and control-stimuli can be measured. 


RESULTS 


In previous work, the odor-stimulus was present during the entire odor- 
training period.’ In the present work, the discrimination was established 
just as readily with odor Present only during the first 10 sec. of this 
period. Using a brief ‘puff’ instead of a prolonged stimulus reduces the 
possibility of adaptation to repeated stimuli and reduces post-stimulus 


€vacuation-time. Furthemore, smaller volumes of odor per animal are 
required. 


* The threshold-criterion of Ea j i to 
1 tyrs and Moulton (op. cit, 90-98) is comparable to 

ning In their two-choice situation, threshold is taken A, Dre Ta entia tioi 
lapons 2 k ariel Sr aa Or, in other words, where there is no difference in 
Carl Pfaffmann, W. R. off, and J. K. Bare 


Science, 128, 1958, 1007.1008 An olfactometer for the rat, 
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The absolute sensitivity of several male albino rats to the odors of 
n-Pentane (C;H,.), n-Hexane (CoH), and n-Heptane (CHi) was 
measured. Fig. 3 presents the results for pentane. The ratio of the number 
of responses made in the presence of the odor-stimulus to the number 
made in the presence of the control-stimulus is plotted on the ordinate. 
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Fic. 3. DISCRIMINATIVE FUNCTION FOR #-PENTANE 


The abscissa represents log stimulus-concentration in milligrams of odorous 
substance per liter of total air-odor mixture passing through the response- 
chamber. Each point on the graph is the mean of three days of measure- 
ment or a total of 15 comparisons. 

Alexander’s “Trend Test” was applied to the date.® The results showed 
that changes in the response-ratio resulting from changes in concentration 
were significant beyond the 0.1% level and that the change is 4 linearly 
increasing function of log-concentration decrement. The best fitting straight 
line in Fig. 3 accounts for 98.16% of the variance of the function y = 
— 15.76 + 9.46 x, There were no significant differences between animals, 
and no significant interactions between animals and concentrations. 

To test the adequacy of a three-day period of response-measurement at 
each concentration, the effect upon variability of prolonged measurement 
at the same concentration was determined. Two animals (#14 and #15) 
who showed the upper and lower extremes of variability were tested for 15 


additional days at a concentration of 10°° mg./l. pentane. If these varia- 


bilities reflected fluctuations in olfactory sensitivity, they should remain €s- 


rend, Psychol. Bull., 43, 1946, 533-557. 


‘H. W. Alexander, A general test for t 
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sentially unchanged with continued measurement at the same concentration. 
If the difference in the two animals’ variabilities reflected a difference in 
degree of discriminative learning, the animal with high variability should 
become more stable with additional training. Finally, if variability is due 
primarily to chance-factors, it should regress toward an intermediate value 
for both animals. The results fulfilled this last condition, The variability 
of the response-measure thus seems due to chance-fluctuations, and group- 
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Fic. 4, DISCRIMINATIVE FUNCTION FOR n-HEXANE 
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variability would not be appreciably reduced by a considerable increase in 
the number of measurements, 

Two animals from the pentane group were tested on hexane. The results 
are presented in Fig. 4. As with Pentane, the results of the trend-test 
showed differences in Tesponse-ratio as a function of changing concentra- 
tion to be significant beyond the 0.1% level and the data adequately 
described by a straight line, The best fitting straight line accounts for 
93.75% of the variance of the function y = 13.34 + 9.64 x, There were 
no significant differences in effect of c 
Between individual animals, 
at the 1% level, Fig. 4 show: 
during odor-stimulation, Furthermore 
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erally responded less, and that its discrimination also failed one log unit 
lower with pentane than the other Ss. 

Fig. 5 presents the results of measurements of sensitivity to the odor of 
heptane for 2 Ss, These animals were among the first run in this experi- 
ment, and the data were not collected in the systematic form later used. 
The numbers in brackets give the number of days that the particular con- 
centration was tested. Numbers in parentheses give the order in which the 
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concentrations were tested. Because of the unequal concentrations, steps, 
and numbers of measurements, the trend-test was inapplicable. The straight 
line is fitted by the method of least squares. These results are particularly 
interesting because they indicate a regular increase in the rate of response 
to the odor-stimulus as concentration is decreased regardless of the se- 
quence in which concentrations are tested. : 
The absolute threshold has been defined as the first odor-concentration 
in a progressively decreasing series which the animal does not discrimi- 
nate from the control-stimulus. In a discrimination involving @ periodically 
reconditioned operant response, discrimination is observed as any stimulus- 
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evoked deviation from a previously established constant rate of response.’ 
A schedule of variable ratio reinforcement produces such a constant rate 
after adequate training. Furthermore, in the present experiment, a basal 
rate of response is actually measured under control conditions which dupli- 
cate odor conditions except for the presence of odor. The response-ratio 
is the comparison of odor-response-rate to control-stimulus-baseline-rate 
expressed as a percentage. Thus, a response-ratio significantly different 
from 100 indicates that the odor is discriminable. 

Inter-odor comparisons can be made on this basis. If, at the same phy- 
sical concentration, Ss show discrimination of one odor and fail to dis- 
criminate another, it may be concluded that there is greater sensitivity to 
the discriminable odor. With regard to such comparisons, it should be 
stated that it was impractical in this experiment to test large groups of 
animals. Valid inter-odor comparisons of Sensitivity would require, there- 
fore, that the same animals be tested on all odors, with each animal servin gas 
its own control. The death of several animals prevented the complete fulfill- 
ment of this requirement in the present experiment. Comparisons of the 
remaining animals must be regarded with caution because of this incom- 
plete control, 

Reference to Fig. 3, 4, and 5 shows that the average threshold for hep- 
tane (4:16 X 10- mg./l) was higher than that for hexane or pentane. 
The average threshold for these latter odorants was the same (10° 
mg./l). The significance of the difference between the mean response-ratio 
of the 2 Ss with heptaine, where their discrimination failed, and the mean 
of the 7 Ss with hexane and pentane at this same concentration was deter- 
mined by a ż-test. The difference was significant at the 2% level of con- 
fidence. 

Fig. 3 and 4 show no difference between the mean thresholds for pen- 
tane and hexane, but 2 Ss were common to both substances and could 
be directly compared. Furthermore, as has already been stated, the data 
indicate that one of these animals was more sensitive than the other to 
the odors of both substances, It seemed possible that for these two animals, 
at least, grouping the data obscured between-odors differences. To make 
a direct comparison, the significance of the difference between the mean 
response-ratios of each animal at the concentration where its discrimina- 
tion of hexane failed and the mean Tesponse-ratio for pentane at the same 
concentration, corrected for the difference between animals, was treated 


"B. F. Skinner, The Behavior o Organi: ; i i 
of an operant discrimination, iF fat 46, 19487 ee On ama 
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by a t-test. The difference was significant beyond the 19% level of con- 
fidence, suggesting that, at the concentration where the animals failed to 
discriminate the odor of hexane, they were significantly more sensitive to 
pentane. 
SUMMARY i 
An olfactometer has been developed which measures the absolute ol- 
factory sensitivity of rats. The thresholds of a small number of animals 
for the odors of #-Pentane, n-Hexane, and n-Heptane were measured. In 
this operant discriminative situation, the threshold is defined as the strong- 
est concentration at which no difference in the animal's behavior toward 
odorous and control-stimuli can be measured, As odor-concentration 
decreased from suprathreshold training levels to the point of discrimina- 
tive failure, the rate of response to the odorous stimulus compared to a 
control-stimulus rate was found to be an increasing linear function of 
logarithmically decreasing concentration. The data of this experiment sug- 
gest that, for these chemically homologous odorants, the threshold for 
heptane was highest and that for pentane lowest. 


to specify some of the stimulus-conditions which produce various per- 
ceptions of causality.1 Using small, painted squares which appear to move 
horizontally and to make head-on contact, Michotte demonstrated that the 
kind of reports of causation which Ss give in response to the ‘collision’ 


of the two squares depends on, among other variables, the relative veloci- 
ties of the two squares.* 


of ordering reports of causation and describes an experimental test of 
the two principles, The type of stimulus-situation studied is one of the 
simplest Michotte has used: a black square (A) moves in a straight hori- 
zontal line at a uniform velocity toward a red square (B), makes head-on 
contact with it, and becomes stationary while B moves away from A in 
the same straight line. Both of the proposed principles predict from the 
apparent velocities and masses of A and B (Va, Vz, Ma, and Mp) to the 
reports of causation which are given to the particular stimulus-situation. 


Ms Vg = 1, Ss will report that A alone produced B’s movement, that A 
Propelled B, gave B a push, that 4’s collision with B is the only source 
of force for B's movement (launching). If this ratio of momenta is less 
than one, S will report that A released B’s movement, triggered it off, 
made it possible but did not produce it (releasing). Finally, if the ratio 
exceeds unity, A will be reported as having launched B, but that B’s 
Movement seemed to be impeded by an additional force (braking). 


The principle of 
Ma V74/Mz V?5 


PRINCIPLES OF MOMENTUM AND KINETIC ENERGY 
IN THE PERCEPTION OF CAUSALITY 


By THomas Natsoutas, Wesleyan University 


By means of a series of laboratory experiments, Michotte has attempted 


The present report Proposes two alternative principles for purposes 


According to the principle of psychological momentum, when Ma V4/ 


Psychological kinetic energy makes similar predictions: if 
= 1, responses of launching are expected; if this ratio is less than 
then reports of releasing should occur, This principle makes no prediction to 


reports of braking. The rationale for the absence of such a prediction derives from 
rere ee SUCH a prediction derives from 
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physics. A loss of kinetic energy in any actual collision does not imply hindrance of 
Bs movement by another force. All physical collisions of bodies of known 
stances involve a loss of kinetic energy in deformation and heat. It is 

sumed that Ss’ reports will always be in terms of the fewest sources of force 
sible. According to the priniple of kinetic energy, no responses of braking will, 
therefore, occur, Launching, which involves only one source of force, will sufice 
when there is a decline in kinetic energy subsequent to the collision, Michotte makes 
no reference to a response of braking in his studies." 


Strictly speaking, the principles introduced here predict from S's own 
judgments of velocities and masses to his reports on perceived causality. 
The predictions derived from the principle of ical momentum 
are: (a) the greater the mean value of Mı V4/My Vx for a stimulus- 
condition, the smaller the number of Ss who will respond with reports of 
releasing to that condition, and the greater the number of Ss who will 
report braking, and (b) the more the mean value of Ma V4/Mp Vs de- 
parts from unity in either direction, the smaller the number of Ss who 
will report launching. From the principle of kinetic energy, it follows 
that the greater the mean value of M, V.2/Mz Ve for a condition, the 
smaller the number of Ss who will report releasing, and the larger the 
number who will respond with reports of launching. 


METHOD 

Stimulus-conditions. All the stimulus-conditions used had the following proper- 
ties in common: A, a black square or rectangle, appears near the left end of a 
horizontal aperture, 0.5 cm. in height (vertical) and 11.0 cm. in width (longi- 
tudinal). Simultaneously B, a red square or rectangle, appears at the center of the 
aperture, 4.5 cm. from A. For 0.27 sec. both A and B are stationary at their origi- 
nal positions. A then commences to move toward B. When A comes into contact 
with B. they remain in stationary contact for 0.03 sec, Then B crosses 4.5 cm. to the 
right, at which point the aperture ends and B disappears behind the screen. A, too, 
disappears at its stationary position. This sequence occurs 10 times for every stim- 
ulus-condition on every trial, the 10 presentations taking place in 15.0 sec. 

The stimulus-conditions vary with respect to the velocity-ratios of A to B. With 
velocities of 60, 40, 20 cm./sec., five ratios are produced: 3:1, 2:1, 1:1, 1:2, 1:3. 
For example, a velocity-ratio of 3:1 means that A moves to meet B at 60 cm./sec. 
and that B moves off after contact at 20 cm./sec. A and B also vary with respect 
to size in the same five ratios, They have a width of 0.5, 1.0, or 1.5 cm. and a 
height of 0.5 cm. A size-ratio of 1:2 indicates that A is a 0.5-cm, square while B 
is a rectangle, 0.5-cm. high and 1.0-cm. wide, 

Apparatus. A description of the apparatus and of the way in which the stimuli 
are constructed is given in another article 


3 Michotte, op. cit., 1-306. 1 
‘Thomas Natsoulas, Judgments of velocity and weight in a causal situation, this 
JOURNAL, 73, 1960, 404-410. 
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Subjects. The Ss (19 men) were students in elementary psychology at the Uni- 
versity of Michigan. They were required to participate in a psychological study 
and were selected at random from sections not using a text that contained a discussion 
and illustrations of Michotte’s studies. 

Procedure. The Ss participated individually (three cases) or in pairs. Those in 
pairs sat side by side, with a thin partition of cardboard preventing them from 
seeing each other or each other's written responses. All Ss sat 5 ft. from the ap- 
paratus with the aperture at eye-level. The following instructions were given. 


Instructions. This is a study in the perception of movement. You will see in this 
aperture two small squares or rectangles, A (a black one) and B (a red one). They 
will move across the aperture at various velocities and will seem to possess various 
weights. A will move from this end of the aperture to the center, where it will 
meet B. B will then move from the center to the right and disappear behind the 
screen. They will then ip aed at their original positions and then go again through 
the same movements as before. Your task for each of the 75 stimulus-conditions is 
to report how you experience each of them. This will be made easy for you as a 
result of a study we made of just such impressions. We have managed to boil them 
all down to the three categories on these sheets. [At this point each $ received a sheet 
which read as follows}: In each case choose (1), (II), or (III). Choose the one 
which best fits your impression. 

(1) A's movement produces B's movement directly by means of their impact. 
B's motion is due entirely to A's motion and its collision with B and nothing else. 
The only source of force for B's movement is A's movement and 4’s impact on B. 
_ (II) A’s movement produces B’s movement directly by means of their impact— 
just as (1)—but some other force seems to prevent B from moving away from the 
ae impact with as much force as you would expect in view of the collision 
wi . 

(III) When A contacts B it releases B's movement. A thus allows B's movement 
to take place and does not directly produce B's movement. B’s movement seems to 
pe ee | to a force released by A’s contact with B and not to a force produced by 

ion. 

{The oral instructions then continued]: When each stimulus is presented you 
are to decide which of these three descriptions best fit your impression of what is 
happening. On the sheet before you, enter either (I), (II). or (III) as the case 
may be. You are not required to use the three categories equally often, and the 
order in which they are listed has no significance. Keep the sheets in sight and 
consult them from time to time to make sure you have the right one paired with 
the right number. There will be 75 stimulus-conditions for you to respond to, and 
you will see each of them occur 10 times. Watch each carefully; you will have 
plenty of time to write down your responses while I change the conditions. At the 
end of each set of 25 we will have a 5-min. break. Now let us read over the three 


impressions together. 
The three alternative responses were read aloud and questions were answered. 
The 25 stimulus-conditions were presented three times, each time in a different 
order. All three orders were counterbalanced with respect to the two stimulus-di- 
mensions, Within each successive group of five trials, every ratio of velocities and 
every ratio of sizes occurred only once. Furthermore, no two stimulus-conditions 


having either the same velocity- or size-ratio were given in succession. 
RESULTS ` 


Physical variables. Fig. 1a illustrates the relationship found between 
velocity-ratios and the frequencies of responses in each causal category. 
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Trials 2 and 3 are so combined that every S is represented 10 times at 
every value of the abscissa; every S responded twice to cach of the five 
stimulus-conditions having the same velocity-ratio of A to B and differing 
in the size-ratios of A to B. The frequency with which braking was re 
ported increased and the frequency with which reports of releasing oc- 
curred decreased as the velocity-ratios favored B less and A more. Launch: 
ing was most often reported when the velocity-ratio was 1 : 1. Departures 
from this ratio in either direction resulted in a decline in the number of 
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NUMBER OF RESPONSES IN EACH CATEGORY 


1:3 1:2 11 21 32 1:3 12 11 2:1 3:1 
VELOC/ITY-RAT/O8 S/ZE-RAT/IOS 


Fic. 1. RELATIONSHIP BETWEEN CAUSAL REPORTS OF VELOCITY- AND SIZE-RATIOS 
(Trials 2 and 3) 


reports of launching. This decline was steeper when A's velocity was less 
than B’s than it was when the reverse was true. 

Fig. 1b illustrates the manner in which the size-ratios are related to 
the frequencies of response. The frequency with which releasing was 
reported declined and the frequency of braking, with one exception— 
from ratios of 2:1 to 3:1— increased as the size-ratios of A to B 
favored B less and A more. Launching does not appear to be related in 
any simple fashion to the size-ratios, the line in Fig. 1b being very nearly 
horizontal, Mee, 

Table I summarizes a statistical evaluation of the above relationships, 
performed by applying to the data a multivariate analysis of information- 
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transmission. In all analyses, Trial 1 has been treated as a practice-trial 
and is not included. 

An examination of Table I reveals that there are three statistically sig- 
nificant sources of information: the velocity-ratios (without regard to 
variations in size-ratio), the size-ratios (without regard to variations in 
velocity-ratios), and the joint classification of the stimulus-conditions 
based on both velocity- and size-ratios. 

Ratios of momentum and kinetic energy. In another phase of the present 
study, two groups of 19 Ss each, chosen in the same way and from the 
same population as the Ss of the first part of the study, responded under 
the same situations as the present experimental group to each of the 25 
stimulus-conditions,® One group's task was to judge the conditions with 


TABLE I 
INFORMATION-TRANSMISSION ANALYSIS OF RESPONSE-FREQUENCIES 
% uncertainty 


Source df. —2 Loge A p* sear 

. or 
Velocity-ratios(V) 8 443.94 <.001 21.4 
Size-ratios(S) 8 60.53 <.001 2.9 
Trials(T) 3.21 .10-.20 0.2 
V&S 32 93.25 <.001 4.5 
V&T 8 12.88 .10-.20 0.6 
S&T 8 2.05 .95-.98 0.1 
V,S,&T 32. 41.27 .10-.20 2.0 


* Chi-square test. 


respect to the velocity-ratios of A to B. The second group judged the 
weight-ratios of A to B. The geometric means across Ss judging velocity- 
ratios (V4 / Vg) and those judging weight-ratios (M4 / Mg) were used 
for purposes of calculating the ratios of psychological momentum 
(My Va/ Mz Vp) and kinetic energy (M, V4? / Mg Vg?) for each of 
the 25 conditions. 

Tau-coefficients have been calculated between the rankings of the con- 
ditions based on the two theoretical ratio-dimensions and the rankings 
based on the frequencies of response in each category of causation, Table 
II presents the values of tau obtained, Also included in Table II are 
values of fav based on rankings of the stimulus-conditions according to 
the geometric means of the judged weight-ratio and of the judged ve- 
locity-ratios, The tau-coefficient used is the one Kendall calls tau, in his 


EAJ J. McGill, Multivariate information transmission, Psychometrika, 19, 1954, 


* Natsoulas, op. cit, 405-407. 
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discussion of tied ranks.” It involves no correction for the presence of 
conditions tied in rank on either dimension, Tied ranks occur only for the 
dependent rankings. Because the predictions to reports of launching are 
such as to require that the number of launchings reported is greatest at 
the 1:1-point of a theoretical dimension and declines with departures in 
either direction from that ratio, for purposes of calculating ‘au-values, 
the hypothetical dimensions have been ‘folded’ at their 1:1-points in such 
a way that a momentum-ratio of 1:2.5, for example, is treated as equal 
to one of 2.5:1. 

It can be seen in Table II that, with the exception of the geometric 
means of the judged weight-ratios, all variables are negatively correlated 
with frequencies of reports of releasing and launching and positively 


TABLE II 


TAU-COEFFICIENTS BETWEEN THEORETICAL RANKINGS OF THE STIMULI AND 
RANKINGS BASED ON FREQUENCIES OF RELEASING (R), 
LAUNCHING (L), AND BRAKING (B) 


Rankings based on response-frequencies 


Theoretical 


rankings Trial 2 Trial 3 

R L B R L B 
Kinetic ener, —.770 —.733 +.753 —.783 —.670 +.700 
Momen — 617 = 413, Ea — 417 +.607 
Velocity —1557 —.533 +.607 —.603 — 307 +.520 
Weight +.023 +.193 —.080 + (097. +.270 —.013 


(Taus of absolute magnitude greater than 0.365 are significantly greater 
than zero at the 1% level.) 


correlated with the frequencies of reports of braking. Weight-ratios are 
correlated positively with frequencies of reported releasing and launching, 
and negatively with frequencies of reports of braking. The ratios of 
kinetic energy correlate more highly with the frequencies of reports of 
launching, braking, and releasing than do any of the other three predic- 
tive variables. 

To evaluate the differences in effectiveness of the four predictive var- 
iables listed in Table II, an analysis of variance was performed on the 
absolute magnitudes of the /a-coefficients in Table II, The main effect of 
the four theoretical orderings of the stimuli is found to be statistically 
significant (F = 159.77) df =3, P< 0.001) when tested against the 
interaction of theoretical orderings and trials (df. = 3). The only other 
significant F-value is found for the interaction of theoretical orderings 
and orderings of the stimuli based on frequencies of releasing, launching, 


"M. G. Kendall, Rank Correlation Methods, 1948, 36-37. 
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and braking (F = 6.56, df. = 6, P < 0.05) when tested against the 
three-way interaction of theoretical orderings, orderings based on fre- 
quencies of response and trials (df. = 6). An F-test comparing the sums 
of the absolute fav-values obtained under the ‘condition’ of ordering the 
stimuli according to their ratios of kinetic energy and the sums obtained 
under an ordering based on ratios of momentum resulted in statistical 
significance (F = 48.03, df.=1, P<0.01) when tested against the 
interaction of theoretical orderings and trials. 


DISCUSSION 


The psychological principle of kinetic energy, as defined here, predicts 
best the Ss’ reports of all three types of causation. Yet one type of report, 
braking, was not expected to occur at all according to this same principle. 
The basis of such a prediction was that a decline in kinetic energy from 
before to after the collision is a natural consequence of any collision and 
does not require the experience of an additional force hindering B's prog- 
ress. Michotte’s results are more in keeping with the prediction of no 
teports of braking in that he does not indicate that such a report was 
given by his Ss. A comparison of his procedure with that of the present 
experiment suggests a possible resolution. 

Michotte's Ss were permitted to describe their impressions spontane- 
ously; the present procedure required Ss to choose a description to fit 
their experience. The prediction of no teports of braking from the psy- 
chological principle of kinetic energy may be correct in the spontaneous 
case and not in the case where a choice between alternative responses is 
required. Thus, the Ss will not utilize spontaneously categories involving 
a larger number of sources of force, but will do so when such responses 
are made available to them. Consequently, the category of braking is 
utilized in the present experiment despite the fact that the principle which 
seems to order the results best does not predict its utilization, and despite 
the fact that it involves an additional force in describing B's apparent 
activity while the category of launching does not. 

The validity of this interpretation is supported by an analysis of the 
data in terms of reproducibility, i.e. the extent to which the stimulus- 
conditions used in the present experiment constitute a unidimensional scale 
with respect to the reports of causation.® When reports of releasing were 
treated as the positive response, there was some, though not strong, evi- 


* Natsoulas, A study in the ti i i i 3 
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dence for the existence of a unidimensional scale of the conditions. On 
the other hand, treating the reports of braking as positive responses re- 
sulted in evidence.for a scale that was negligible, The results indicate less 
consistency in the use of the category of braking as compared with that 
of releasing. Such inconsistency would arise when the Ss do not check 
against the list of responses provided and react spontaneously, as in 
Michotte’s studies, with a choice of launching. 

With respect to the #aus of Table II, there is one particularly noticeable 
effect, that of the weight-ratios. The signs of the correlations which in- 
volve this variable are opposite to those found with the other predictive 
variables, Light may be shed on this disparity by returning to the psycho- 
physical phase described earlier.” It will be recalled that two other groups 
of 19 Ss responded to the same conditions used in obtaining reports of 
causation, One group's task was to judge the weight-ratio of A to B for 
each condition, It was found that the geometric means of the judged 
weight-ratios were directly related to the physical size-ratios and in- 
versely related to the physical velocity-ratios. Thus, the judgments of 
weight may be thought of as comprised of two components: (a) a com- 
ponent, determined by physical size, which is inversely related to the fre- 
quencies of reports of launching and releasing and directly related to the 
frequencies of reports of braking, just as the remaining variables of Table 
II are; and (b) a component determined by the inverse relationship to 
velocity and therefore inversely related to whatever is directly related to 
the velocity-ratios. From a combination of these two factors may come 
correlations close to zero, and even in the direction opposite the cot- 
relations involving the other variables. 


SUMMARY 


An experimental test was conducted of two principles in the percep- 
tion of collisions, a psychological principle of momentum and one of 
kinetic energy. Nineteen men (college students) were presented with 25 
experimental collisions on each of three trials, each time in a different coun- 
terbalanced order. They were required to choose from descriptions of 
launching, braking, and releasing, that description which fitted each 
collision best, All collisions involved impact between two figures, one of 
which (B) was stationary prior to the collision and the other (A) was 
stationary after the collision. 


* Natsoulas, op. cit., this JOURNAL, 73, 1960, 407-409. 
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each of the stimulus-conditions was given a geometric mean value for 
judged velocity-ratios (V4 / Vn) and for judged weight ratios (Ma / 
Mp). From these values a ratio of momenta, (Ma Va / Ms Vs), and a 
ratio of kinetic energies, (Ma V4?°/Ms Vs*), were calculated for every 
condition. 

According to the psychological principle of momentum, if the ratio of 
momenta is unity, launching of B by A should be reported. If the ratio 
is greater than one, braking should be reported, and if it is less than one, 
releasing should be reported. According to the psychological principle of 
kinetic energy, if the ratio of kinetic energies is equal to, or greater than, 
one, launching is the expected report, and if the ratio is less that. one, 
releasing will be reported. 

Orderings of the stimulus-conditions in accordance with either ratios of 
kinetic energy or ratios of momentum correlated significantly with order- 
ings of the conditions in terms of frequencies of each of the three types 
of reports of causation. The tau-coeficients for the ordering of the con- 
ditions according to kinetic energy were greater in all cases than those 
found for the ordering according to momentum. 


TASTE-DISCRIMINATION IN THE MONKEY 


By J. S. SCHWARTZBAUM, University of Wisconsin, and 
W. A. WILSON, JR, Bryn Mawr College 


Taste-discrimination in animals has been investigated traditionally by 
the use of some variant of the ‘preference method’ in which the dis 
crimination is evidenced by the relative amount of a fluid that is con- 
sumed in a free-choice situation. The limitations of this procedure as a 
way of determining taste-sensitivity are, by now, well organized.’ It 
confounds the discriminative function of the taste-stimuli with a re- 
inforcing function, since the reinforcement is obtained directly from the 
solutions to be discriminated. Consequently, it becomes uncertain whether 
a failure to discriminate relates to factors of taste-sensitivity or to the 
reinforcing role of the stimuli, or both. Moreover, under conditions which 
involve the consumption of appreciable amounts of hypertonic fluids, 
taste and preference become further confounded with post-ingestional os- 
motic factors as determinants of the discriminative behavior.* 

A method has been employed to study taste-sensitivity in rats, which, 
to a certain extent, separates the discriminative from the reinforcing 
functions of the taste-stimuli.* Animals that had been deprived of water 
were forced to discriminate between two fluids which they consumed, in 
order to avoid a noxious electric shock. The significance of this change 
in the experimental conditions is seen in the finding that, although adrenal- 
ectomy lowers the preference-threshold for salt (NaCl), it does not in- 
crease the absolute taste-sensitivity to salt.* 

In the present experiment a nonpreference method for studying taste- 


* Received for publication March 27, 1959. This study was conducted at the 
Research Laboratories of the Institute of Living, Hartford, n under at 
eae No. M-546(C), from the U.S. Public Health Service, National Institute 
ental Health. 4 
zn Pfaffman, Taste ae smell, in S. S. Stevens (ed.), Handbook of Experi- 
mental Psychology, 1951, 1143-1171. a 
E] TER Species differences in taste preferences, J. comp. physiol. 


Psychol. 49, 1956, 139-144. : 
“W. J. Cart, The effect of adrenalectomy upon the NaCl taste threshold in he 
ibid, 45, 1952, 377-380; A. E. Harriman and R. B. Ae pacientes 
thresholds of salt for normal and adrenalectomized rats, this JOURNAL, 3 
465-471. $ 

* Carr, op. cit, 377-380; Harriman and MacLeod, op. cit., 465-471. 
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of food were required to discriminate between two solutions differing im 
taste-properties to obtain a separate food-reward. The experiment was 
intended to provide information concerning: (a) the ability of monkeys 
to acquire such a discrimination; (b) their taste-threshold for NaCl; and 
(c) two related methodological problems. 


MetTHop 


Subjects. The Ss were eight rhesus monkeys, five males and three females, of pre 
adolescent age. Their body-weights ranged from 5.0 to 6.5 Ib. All animals had prior 
training on paired-comparison tests of preferences for different kinds and amounts 
of foods. The Ss were maintained on a daily diet of 8-10 Purina Laboratory Chow 
pellets, supplemented by one-fourth of an orange. They were deprived of food for 
approximately 22 hr. before every test. Water was freely available in the home 
quarters. 


Fic. 1. Mopirtep WISCONSIN APPARATUS FOR TASTE DISCRIMINATION 
Apparatus, All tests were conducted in an air-conditioned, sound-proofed room, 
using a modified form of the Wisconsin apparatus for taste-discrimination. In Fig. 1 


a picture of the apparatus is shown, The taste-stimuli, distilled water and a solution of 


NaCl in distilled water, were contained sı i i i 
A eparately in the two symmetrically designed 
tubes. These tubes, measuring 20.75 “3 : 


tese tub in. from outside end-to-end, were made of 
copper with inside diameters of 1% in. joined together by sweated fittings. The 
height of the right-angle, end sections was 2.25 in., and that of the T-shaped, 
center section was 2.75 in. The exposed surfaces of the tubes were sprayed with 
an aluminum metallic paint to provide a more even finish. 


The fluid was supplied to each of the tubes from a 500-cc. polyethylene bottle 


—- 
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which was inverted over the T-shaped section through a supporting structure. A 
plastic cap which screwed on to the bottle was fitted with a piece of polyethylene 
tubing 0.5 in. in diameter. The plastic tubing extended 0.62 in, into the stem of 
the T-section, that the level of fluid in the right-angle, end sections of the copper 
tube would be maintained within 0.12 in. of the top. If the fluid fell below this 
level, air entered the plastic tube and displaced additional fiuid from the bottle. 
A small hole was drilled near the top of the T-section for this purpose, 

The metal tubes were mounted parallel to one another 6.75 in. apart on a turm- 
table 11.75 in. diameter, The turntable, which was finished in a flat black, could 
be easily rotated to reverse the spatial positions of the tubes. Beneath the turntable, 
mounted on the vertical bar, was a spring-lock which fitted into either one of two 
holes that were drilled in the turntable. Thus, the turntable could be locked in 
one of two alternate positions for presenting the stimuli, Withdrawing the lock 


freed the turntable that it could be rotated. 

Beneath each tube facing S a food cup with a moveable lid was enclosed which 
S was taught to retract. In Fig. 1 the lids are scen in the open position. A metal 
L-shaped rod was so mounted on a pivot behind each lid that the lid could be 


clicking sound from the impact of the rod on an overhanging metal plate. The 
heavy metal base of the apparatus was so fitted with runners that the whole unit could 
be moved smoothly along a slide. 

In addition to a moveable opaque screen in the Wisconsin box, which shielded 
the apparatus from $ between trials, a one-way screen made from gelatin film and 
0.25-in, Lucite panels was mounted on S's side of the opaque screen. The one-way 
screen contained slots through which the stimuli to be discriminated and food cups 
were presented to S. The tubes projected 2.25 in. into the test cage at a distance 
of 10.12 in. above the floor of the cage. The food cups, which were spaced 6.87 
in. apart, also projected between the vertical bars in the front of the cage. Two 
appropriately shielded 40-w. frosted lights were mounted on S's side of the onc- 
way screen above and to the side of the test-cage. 


at the presentation of the clicks. This was done by keeping the lids locked until 
the onset of the clicks. The training was continued until $ responded rapidly to the 
clicks, and did not attempt to retract the lids when clicks were not being sounded. 
There were no solutions presented in the tubes during this period. The Ss received 
30 trials a day, generally 6 days a week, a schedule that was maintained throughout 
the experiment. } 

(2) Single taste-response. A 1.5% solution of NaCl was presented in each tube. 
The food-rewatd was now made contingent upon a ‘taste’-response, f.e. a response 
in which the tongue or some other part of the mouth clearly made contact with one 
of the NaCl solutions. This behavior was conditioned by we EE 
tion procedures and by increasing the ‘distinctiveness’ 0 solutions. : 
sponse was ee reinforced by the clicks, denoting the unlocking of the lids 
and the availability of the food-reward. The training was continued for at least 
two sessions until $ showed a consistent tendency to respond rapidly to the solu- 


406 SCHWARTZBAUM AND WILSON 


tions and to retrieve the reward. When a strong positional preference was displayed 
toward one of the tubes, $ was required to taste the solution in the opposite tube. 

(3) Double saste-response. In the final preliminary step, the food-reward was 
made contingent upon taste-responses to both NaCI solutions. The behavior was so 
conditioned that the two responses occurred within 5 sec. of each other. This was 
done in order to maximize the probability that, in the discrimination proper, $ 
would taste both solutions and thus make a simultaneous rather than a successive 
type of discrimination. It was assumed on the basis of other data that learning would 
be facilitated and that the thresholds would perhaps be lower under these condi- 
tions.” 

The entire preliminary training required from two to five weeks. It was unneces- 
sary to discard any of the Ss during the course of the experiment. 

(4) Taste-discrimination. A 1.5% NaCl solution and distilled water were pre- 
sented separately in the two tubes. Thirty trials a day were given, u: ix a non- 
correction technique, in which the position of the solutions was rax: mized in 
accordance with a predetermined balanced order. The reward was alw. ,s placed 
in the foodcup beneath the salt solution. Retraction of a lid defined the end of 
the discriminative response. For five of the Ss, the reward consisted of two 45-mg- 
glucose pellets. The other three Ss received one-quarter of an unsalted peanut as the 
reward. The training was continued until $ made 25 or more correct responses on 
the 30 trials during each of two consecutive test-sessions. The intertrial-time in this 
procedure was approximately 30 sec. 

A dual criterion was used in all the discriminative tests to define an adequate 
taste-response. The lids were released either 5 sec. after S tasted the first solution, 
or immediately after S tasted the second solution, whichever occurred first. Tasting 
both solutions was not made mandatory since § might under some conditions have 
been prepared to make a choice on the basis of a single taste-response; a second 
response under these circumstances might have interfered with the discrimination. 
A record of the pattern of taste-behavior provided information on these questions. 

To minimize any use of nontaste cues in the discrimination, the following pre- 
cautions were observed. The fluid contents in the tubes were varied from session 
to session. The tubes were frequently resprayed with aluminum paint and were in- 
terchanged. Fresh solutions of the salt were used frequently to minimize contamina- 
tion from the taste-responses. Both the salt and the distilled water were allowed 
to reach thermal equilibrium with the room that the temperatures of the solutions 
were the same. The turntable was rotated frequently between trials without changing 
the position of the tubes, precluding the use of any tactual vibratory or auditory cues. 

(5) Threshold-determination. Upon completion of the discriminative tests with 
the 1.5% NaCl, tests were made with a progressively descending series of loga- 
rithmically scaled concentrations of the salt. For any given session, a single con- 
centration was used. The distilled water was continued as the negative stimulus 
throughout. Each solution of the salt was three-fourths as concentrated as the pre- 
ceding solution, as follows: 1.125, 0.843, 0.633, 0.475, 0.356, 0.267, 0.200, 0.150, 
0.113, 0.084 0.063, 0.048, 0.036, 0.027, 0.020, 0.015, 0.011, each value repre- 
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senting the percentage of salt by weight. When it became apparent that the 
thresholds were somewhat lower than had been anticipated, alternate steps in the 
series were skipped below 0,063% during the initial determination. § was tested 
with a given concentration of salt until it made at least 25 correct responses during 
a single session, or until it failed for a total of three consecutive sessions, If $ met 
criterion, the descending series was continued. If S failed on three consecutive tests, 
it was retested at the previously discriminated concentration or subsequently at a 
higher concentration until it again met criterion, A second descending series of 
tests was then made starting from this value, but now no steps in the series were 
skipped. The procedure was continued until $ failed to meet criterion on a given 
concentration for a total of six tests including the initial series, or until $ had 
failed three times each at some given concentration and at the next higher value 
which had initially been skipped. The threshold was taken as the lowest con- 
centration above these values at which $ had met the discriminative criterion, 


RESULTS 


The results which were obtained on the discriminative tests are sum- 
marized in Table I. The Ss required on an average 439 trials in order 
to meet our criterion of discrimination on the 1.59% solution. The differ- 


TABLE I 
TASTE DISCRIMINATION 
Reward Over-all 
Mean 
Mean Range Mean Range 

Trials to criterion 1.5% 

NaCl discrimination? 366 90-660 560 390-660 439 
NaCl threshold: 

% concentration 0212 .0150-.0356 0431 .0356-.0475 0277 


(geometric means) 
* Excludes criterion-trials, 


ences in performance associated with the two rewards were not statistically 
significant by a two-tailed Mann-Whitney U-test (p = 0.25). Indeed, the 
differences are exaggerated by the fact that one of the Ss that received 
the peanut reward actually made 25 or more correct responses after about 
half the number of sessions that it required to meet criterion; its day-to-day 
performance was somewhat erratic. In one animal receiving the glucose 
reward, the taste-response had to be ‘reshaped’ after the first 450 trials 
when it became apparent that $ was beginning to make pseudo taste-re- 
sponses; these trials are included in the tabulation of its performance. 
The threshold-values for NaCl, which are also presented in Table I, 
showed relatively good consistency. An over-all geometric mean thresold 
of 0.0277% was obtained, Individual values ranged from 0.0150% to 
0.0475%. Part of this variability appeared to relate to the type of food- 
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reward that was used. Thresholds were lower for the glucose than for the 
peanut reward, a difference that was significant at the 5% level by a two- 
tailed Mann-Whitney U-test. 

The pattern of taste-responses was analyzed for both the last 30 trials 
of the 1.5% NaCl discrimination and the threshold-discrimination. Since 
changes in the behavior were not apparent for these tests, the data were 
treated together. An orderly manner of responding to the two discrimi- 
nanda was shown by the Ss. Six of the eight Ss almost always tasted 
the salt immediately before a correct response. Thus if the water was 
sampled initially, then S$ would invariably make a second response to 
the salt before making the food-choice. On the other hand, if the salt 
was sampled initially, S would generally remain the full 5 sec. at the salt 
solution. Multiple responses from salt to water and back to the salt were 
much less common. Two of the Ss which received the peanut reward were 
deviant in the above patterns of responding. Their food-choices were not 
consistently preceded by responses to the salt. 


Discussion 


The results demonstrate clearly the practicability of studying taste-dis- 
crimination in animals by employing the taste-cues as discriminative stimuli 
for a separate food-reward. The reliability of the method is suggested by 
the finding that the lowest concentration discriminated by S on the initial 
descending series generally corresponded to its threshold following the 
second set of observations. A subsequent determination, made several 
weeks after the initial tests, also confirmed the stability of the threshold 
values. 

From a comparative point of view, the results of the present study 
would place the taste-threshold of the rhesus monkey for NaCl in the 
same range as that of man and above that of the rat. The lowest thresholds 
that were obtained in man by Richter and MacLean, for conditions in 
which the $ was allowed to sample freely both NaCl and water, averaged 
0.016%; this represented the minimal concentration of NaCl which $ 
could discriminate from water, and not the concentration (0.087%) at 
which $ recognized a salty taste. The minimal values found in the present 
study for the monkey averaged 0.028%, which is of the same order of 
magnitude as the Richter and MacLean data. Below this range of NaCl 
thresholds are those found in the rat for a forced discrimination based on 
the use of shock to punish incorrect responses, Carr obtained values of 


* Richter and MacLean, op. cit, 5 f. 
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0.002 to 0.0199, while those of Harriman and MacLeod were even 
lower: 0.000025 to 0.002%." The preference-threshold for NaCl in the 
adrenalectomized rat also approximates Carr's values.* More definitive com» 
parisons among the species must, however, await analysis of the various 
differences in the experimental conditions of the studies mentioned above. 

‘The differences in NaCl threshold associated with the type of food 
reward must be interpretated with caution, Although a moderately sweet 
substance such as glucose may indeed increase sensitivity to NaCl, the 
results obtained may relate to other properties of the rewards, such as 
their reinforcing value.” It is also possible that a sampling bias accounts 
for the difference in thresholds, since two of the Ss that received the 
peanut reward showed a deviant pattern of taste-behavior. This might 
have been due to intrinsic individual differences which affected many 
aspects of their discriminative performance. Support for this supposition 
comes from a subsequent threshold-test in which the differences obtained 
for the two rewards were no longer present. 

One further implication of the findings on taste-behavior may be noted. 
The Ss appeared to base their discrimination primarily upon the salt 
solution. That is, they generally sampled the salt just before making & 
choice. If this pattern related to the gustatory properties of the salt rather 
than to the food reward’s being placed beneath the salt, then some gain in 
discrimination would seem to have been derived by utilizing a simultaneous 
rather than a successive type of discrimination, since in the latter the salt 
solution would have been presented on only 50% of the trials. 


SUMMARY 


A group of eight food-deprived monkeys was trained to discriminate 
between a 1.5% NaCl solution and distilled water for a food-reward. 


Absolute thresholds for NaCl were then determined by progressively de- 
creasing the concentration of the salt. The geometric, mean threshold for 
discrimination of NaCl was 0.0277% by weight. Individual values ranged 
from 0.0150 to 0.0475%. The results place the salt-threshold of the rhesus 
monkey in the same range as that of man, and above that of the rat. 


1 Carr, op. cit, 379; Harriman and MacLeod, op. cit, 468-470; see also S. D- 
Koh, Eee taste thresholds of rats obtained by a psychop! method, Doctoral 
dissertation, Harvard University, a in ber’ a value of 0.0007 molar concentra- 
tion, equal to 0.0041 weight, was found. 4 A 

3 Richter, salt ie aA for normal and adrenalectomized rats, fra e 
ology, 24, 1939, 367-3715 J. K. Bare, The pete hunger for ee ren 
normal and adrenalectomized rats, J. comp. physiol. Psychol, 42, 1949, 242-233. 

? Pfaffman, op. city 1156. 


THE IDENTIFICATION OF CONCEPTS AS A FUNCTION OF 
AMOUNTS OF RELEVANT AND IRRELEVANT 
INFORMATION 


By CLINTON M. WALKER, Hughes Aircraft Company, and 
LYLE E. BOURNE, JR., University of Utah 


Several recent studies have shown that the efficiency of concept-identifi- 
cation depends upon the complexity of the stimulus-patterns to be cate- 
gorized. Specifically, mean errors to attainment of the concept increased 
linearly with complexity in these studies. Complexity was quantified in 
terms of the number of binary dimensions, e.g. color (red-green), within 
which the patterns could vary. Any such dimension was either relevant to 
solution, Że. necessarily used in classifying the patterns, or irrelevant, 
hence useless for correct identification of the patterns. As the number of 
dimensions increased, the number of alternative patterns increased along 
with the information contained in each alternative. The amount of infor- 
mation (in bits) was defined as log,x, where x = the number of possible 
patterns.* Since each dimension was binary, each contributed one bit of 
information. 

In previous studies of the effects of complexity, the amount of relevant 
information was held constant (two bits) while the irrelevant information 
was varied (one through six bits). Performance, however, should depend 
upon the amount of information necessarily used in solution as well as 
upon the amount irrelevant to solution, The purpose of the present experi- 
ment was to investigate the relationship between concept-identification and 


the amount of relevant stimulus-information under varying conditions of ir- 
relevant information. 


* Received for publication November 30, 1959, This study was supported in 
part by a grant from the University of Utah Research Fund and in part by a re- 
search grant (M-1759) from the National Institute of Mental Health, United 
States Public Health Service. 

"E. J. Archer, L, E. Bourne, Jr., and F. G. Brown, Concept identification as a 
function of irrelevant information and instructions, J. exp. Psychol., 49, 1955, 153- 
164; Bourne, Effects of delay of information feedback and task complexity on the 
identification of concepts, jbid, 54, 1957, 201-207; L. E. Bourne, Jr., and R. B. 
Pendleton, Concept identification as a function of completeness and probability of 
pita sega ye 56, 1938, 413-420; F. G. Brown and E. J. Archer, 
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While an increase in irrelevant information increases the complexity of 
each stimulus-pattern, it has no effect upon the number of categories into 
which the patterns must be sorted. An increase in relevant information, 
however, results in an exponential increase in the number of categories, 
this number being 2* for k-binary independent, relevant dimensions, Bits 
of stimulus-information, either relevant or irrelevant, might not be inde- 
pendent but rather redundant to a certain degree. If the levels of any two 
or more dimensions are perfectly correlated, the information they contain 
would be fully redundant and, in the case of relevant information, the 
categories required by one dimension would be identical for the others. 
Indications as to how redundant dimensions affect concept-identification 
have been reported.? The present study concerns the effect of variation in 
independent dimensions only. 

Restle has proposed a mathematical theory of discriminative learning 
in which the stimulus-situation is described as a set of cues, either relevant 
or irrelevant to a particular response.* By assuming (4) that relevant 
cues are conditioned to a correct response, (b) that irrelevant cues are neu- 
tralized and rendered non-functional in the course of learning, and (¢) 
that the probability of a correct response is proportional to the number of 
cues conditioned to it, he achieved some success in predicting the results 
of experiments on two-choice discriminative learning. The proportion of 
relevant cues, 9, was assumed by Restle equal to the rate of learning and 
was typically estimated from part of the data gathered in any experiment. 
A parameter, similar to 0, can be obtained directly from the content of the 
stimulus-series used in a study of concept-identification, if it is assumed 
that the number of relevant and irrelevant cues is a function of the amount 
of relevant and irrelevant information in the patterns. With appropriate 
modification of Restle's Equation [8], the following function is applicable 
for predicting approximate number of errors to solution under any condi- 
tion of stimulus-content, assuming independent bits of information: 


ware cer log @ ]| [1] 
am ET aog- 6”) J)” 


where 6’ is the ratio of relevant to total stimulus information. For a more 
complete development of this argument, see Walker.® 


3L. E. Bourne, Jr. and R. C. Haygood, The role of stimulus-redundancy in the 
identification of concepts, J. exp. Psychol., 58, 1959, 232-238. RA A 
Frank Restle, A theory of discrimination learning, Psychol. u 62, 
11-19. 2 
sĆ. M. Walker, Concept identification as 2 
information, Unpublished Doctoral dissertation, 
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A matrix portraying the relationship between stimulus-content and per- 
formance, enveloping Equation [1}, can be constructed as a model, The 
location of an element within the matrix denotes the degrees of relevant 
and irrelevant information in the treatment yielding that element. The 
value of the element is the predicted mean error-score for that treatment. 
Allowing the first digit of each element to represent amount of relevant 
information and the second amount of irrelevant information in bits, the 
general model can be schematized as follows: 


1-1 1-2 1-3 
24 2223... 
BE, 43-1 3-2 33... [2] 


. 


In this model, the theoretical number of errors to solution, E; for a given 
9’ is based upon an experimentally determined parameter of pattern-dis- 


criminability, d, the value of which must be estimated from part of the 
data. 


METHOD 

Task. As in earlier studies of concept-identification, $ was presented with a series 
of geometric patterns, each of which was a combination of the levels of x-relevant 
and y-irrelevant stimulus-dimensions. To identify the category to which a pattern be- 
longed, S responded by Pressing one of two, four, or eight buttons, depending upon 
the number of independent, relevant stimulus-dimensions. The buttons corresponded 
to the levels (or combinations of levels) of the relevant binary dimension(s). A 
dimension was relevant to solution if it necessarily was used in correct identification 
of the patterns. If a dimension was irrelevant, it appeared at each of its two levels 
within the series of patterns but could not be used to classify the patterns cor- 
rectly, The criterion of problem-solution was 16 consecutively correct identifications. 
For a more complete discussion of the task, see Bourne.* 
__ Design. A 3X3 X 2 factorial design was used with three levels of relevant 
information (1, 2, and 3 relevant dimensions), three levels of irrelevant informa- 
tion (1, 2, and 3 irrelevant dimensions), and two different problems (defined in 
terms of the actual dimensions used as relevant and irrelevant). 

Stimulus-lists, Both the relevant and the irrelevant dimensions were selected from 
a population of six simple binary attributes, viz. color (red or green), number (one 
or two figures), size (large or small), form (square or triangle), orientation (up- 
right or tilted), and horizontal Position (on the left or right). Since there were two 
levels on each dimension, the amount of information in the stimulus-objects could be 
quantified simply, Since the number of alternative stimulus-patterns doubled with 
the addition of each dimension, evaluation of logs (2¥), where N is the number of 


* Bourne, op. cit., 201. 
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dimensions, shows that the number of bits of information is equivalent to the number 
of stimulus-dimensions present. In the problems studied, then, there were 1, 2, or 3 
bits of relevant and 1, 2, or 3 bits of irrelevant information. The number of response 
categories was equal to the number of alternative relevant stimulus-combinations. 
Therefore, one, two, and three relevant dimensions required, respectively, the learning 
of two-, four- and eight-categories. 

Eighteen series of patterns were prepared on loops of white-vellum tape to 
present problems at the nine relevant-irrelevant conditions with two sets of relevant 
and irrelevant dimensions. Nine lists used size, size and number, or size, number, 
and horizontal position to display relevant information. The other nine lists used 
color, color and form, or color, form, and orientation as relevant. The irrelevant 
information was displayed by the color-group when the size-group was relevant and 
vice versa. 

Apparatus. The stimulus-patterns were presented to S at a rate of one every 6 sec, 
on a Gerbrands memory-drum. $ sat at a distance of about 2 ft. from the drum 
with the response-board before him. The buttons on S's board activated lights on 
a control-panel located behind a partition and out of S's view. Thus E could record 
each response and in turn inform S as to the correctness of each response. Only 
during the first 3 sec. of the 6-sec. trial did the stimulus-pattern remain in the 
window of the drum. The movement of the drum to a blank position was S's signal 
to respond. Information was given by a light-panel placed directly above and about 
4 in. from the keys on the response-unit. The panel consisted of a row of eight 
jewelled lamps, one directly above each of the eight response-keys. Regardless of S’s 
response, the lamp above the correct key for any given pattern was lighted during 
the last second of the trial. A covering for certain of the lamps and keys was used 
when the number of categories was less than eight, i.e. with one and two relevant 
dimensions. 

Subjects. The Ss (162 in number) were students in courses in elementary psy- 
chology and were assigned in order of appearance to solve one of the problems in 
one of the nine relevant-irrelevant combinations. Every $ was presented at the out- 
set with detailed instructions as to the nature of the task, the operation of his 
controls, the meaning of the lights, and the criterion of problem-solution. 


RESULTS AND DISCUSSION 


Two response-measures were used: trials to solution and number of 
errors. Due to the high correlation between these measures (r = 0.91) and 
the fact that instructions to $ stressed accuracy in problem-solving, num- 
ber of errors was considered the main dependent variable. 

The following is a 3 X 3 matrix which portrays the obtained errors to 
solution, E,, under the various conditions of relevant and irrelevant infor- 
mation: 


5.3 8.6 13.0 
præ {| 21.2 30.5 $2.59) 
78.7 131.8 155.1 
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Columns represent 1, 2, and 3 bits of irrelevant information and rows 1, 
2, and 3 bits of relevant information (two-, four-, and cight-choice learn- 
ing, respectively). An analysis of variance was performed on these data. 
Two main effects, amount of relevant and irrelevant information, were 
significant at the 1% level (F = 118.66 and 8.60, respectively, df. = 2 
and 144). The significance of the amount of irrelevant information is 
consistent with all earlier studies and indicates that the number of errors 
made in solving this type of problem is an increasing function of the 


Mean Number of Errors 


| 224.35 l 2 3 
No. of Rel. Dim. No. of Irrel. Dim. 


Fic. 1. MEAN ERRORS TO SOLUTION AS A FUNCTION OF AMOUNT OF 
RELEVANT AND IRRELEVANT INFORMATION 
(Every point represents the data from 18 Ss.) 


complexity of the pattern. Fig. 1 shows that this increase nearly follows 
a straight line. In an orthogonal polynomial analysis applied to the rela- 
tionship, only the linear term reached the 1% level of significance. 

Amount of relevant information produced a greater effect on perform- 
ance, As can be seen in Fig. 1, errors increased at a positively accelerated 
rate with relevant information, An orthogonal polynomial analysis of this 
curve statistically confirmed its curvilinearity; the quadratic component 
reached significance at the 1% level. 

Somewhat inconsistent with earlier results was the failure of the vari- 
ance identified with problems to reach significance (F = 3.48, 1 and 144 
df., P > 0.05). The effect of problems has, however, always been small 
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and dependent on the discriminability between the levels of the dimen- 
sions used as relevant. 

The effect of amount of relevant information depended on the level of 
irrelevant information employed in a problem. This is evidenced by the 
lack of parallelism among the sets of curves in Fig. 1 and by the signifi- 
cance of the interaction of relevant by irrelevant information (F = 7.72, 
df.=4 and 144, P < 0.01). This interaction itself was somewhat de- 
pendent upon which of the two sets of problems was used, /.¢. the inter- 
action of relevant information, irrelevant information, and problems was 
significant (F = 6.06, df. = 4 and 144, P < 0.01). 

With trials to solution as the measure, essentially identical results were 
found; the analysis of variance showed the same sources of variance to 
be significant. 

The matrix of obtained errors can be reduced by extraction of the over- 
all trend when the amounts of relevant and irrelevant information are 
equal. The result is the product of a diagonal and a residual matrix: 


1.0 1.6 2.4 
E, = diag. 53,308, 1850(07 1.0 11). 


0.5 0.9 1.0 


For comparison, computations using Equation [1] yield the following 


theoretical array: 
1:0. 147 W2rs 
nærs( 0.7 1.0 is). 


0.6 0.8 1.0 

Examination of the diagonal multiplier-matrix from the data indicates 
that its elements form a power sequence. The scalar multiplier of the 
model, 1.5¢, should be replaced by the sequence, (1.5d)”, where n is the 
number of (equal) relevant and irrelevant dimensions, in order to de- 
scribe the data adequately. Using the obtained errors from the condition 
with one relevant and one irrelevant bit of information, d = 3.53. The 
theoretical diagonal matrix is then diag. (5.3, 28.1, 148.9). The closeness 
of this fit should allow the tentative formulation of a simple equation for 
predicting errors to solution in a concept-identification problem with equal 
relevant and irrelevant information: 

= (1.5d)". 

It is perhaps worth noting that a simple transformation, oa 1/%, ap- 

pled to the elements, x, above the main diagonal in the residual error 
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matrix reduces the range of those elements to that of the elements below 
the diagonal, że. 0 to 1. But, more interesting, symmetric matrices result. 


1.0 0.7 0.4 
E, = diag. [(1.5d), (1.5d)?, (1.5d)*]{ 0.7 1.0 0.8], and 
0.6 0.8 1.0 
1.0 0.7 0.4 
E, = diag. (5.3, 30.5, 155.1)| 0.7 1.0 0.9 
0.5 0.9 1.0 


The results of this experiment clearly support several hypotheses gen- 
erated from the proposed model. As predicted, and as has been shown in 
earlier studies, the difficulty of the task was affected by variation in the 
amount of irrelevant information in the patterns. Performance was an in- 
verse linear function of irrelevant information. Amount of relevant infor- 
mation, however, had a much greater effect on difficulty. As the amount 
of information necessarily used to classify the patterns increased, per- 
formance decreased exponentially. Close fits of the predictions to the data 
clearly support the assumption that 8, the proportion of relevant stimulus- 
cues, is functionally related to the proportion of relevant stimulus-infor- 
mation, Bricker found results similar to these with an experiment de- 
signed to investigate the effect of both independent and redundant rele- 
vant information in a different task.7 It is important to note that relevant 
information, as varied in the present experiment, is information that S 
must use to classify any given pattern. An experiment reported earlier, in- 
vestigated concept-identification as a function of redundant, relevant stim- 
ulus-information.’ Each bit of relevant information in the sequence of 
stimulus-patterns was redundant with the first, że, added no new stimulus- 
information necessarily used in the correct classificatory scheme, As might 
be expected in this case, increases in relevant information enhanced per- 
formance since $ could use any one of the relevant bits to categorize cor- 
rectly. 

SUMMARY 


Theoretical formulations of Restle coupled with modifications suggested 
by information-theory were used to construct a matrix-model for concept- 
identification.® Simply stated, this model holds that performance, measured 


"P, D. Bricker, The identification of red i ir Psychol., 

4, cra, n ol undant stimulus-patterns, J. exp. Psych 

s Bourne and Haygood, øp. cit., 232. 
Restle, op, cit., 15. 
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total errors to concept-attainment, is a function of stimulus-discrimina- 
bility and number of relevant and irrelevant bits of information in the 
__ stimulus-patterns. y 
_ An experiment, in which the independent variables were relevant and 
irrelevant information, was conducted as a test of the model. A 3 x 3 X 2 
factorial design, with three levels of relevant information, 1, 2, and 3 bits, 
three levels of irrelevent information, 1, 2, and 3 bits, and two different e 
problems, was used, Each of 162 Ss served individually and learned to 
categorize visually presented geometric patterns. 
È The model predicted, and the results confirmed, a linear decrement in -a 
| performance with increased irrelevant information. This finding corrobo- 
tated earlier experimental evidence. In addition, an exponential perform- 
 ance-decrement resulted from increased relevant information as predicted. 
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FORMULATION AND REFORMULATION 
OF FIGURE-CONCEPTS 


By DONALD M. JOHNSON, Michigan State University 


The research reported here is based on an analysis of problem-solving 
into two sequential processes, designated as preparation and solution. The 
approach adopted has yielded reasonable results when applied to a variety 
of short problems and to comparisons between verbal analogies which 
emphasize induction and those which emphasize deduction.’ The relation 
between time spent on preparation and the number of items presented has 
been determined,? as well as the relative effects of relevant and irrelevant 
items.* The present experiment concerns problems in which S has (1) to 
discover the common property of a group of figures and then (2) to 
identify another instance of the concept. It is assumed that the preparatory 
activity in such cases consists of an initial formulation of the problem. 
S surveys the given material, observing some properties while ignoring 
others, and achieves a tentative formulation or model to guide his next 
step. Solution consists of a search for a figure that matches this formula- 
tion, It follows from this assumption that $ will not search for a figure 
with properties that he has ignored in his formulation. It follows also 
that if $ does not find a solution that matches his formulation, he will 
reformulate the problem and search for another type of solution. 

To test this simple model of cognitive dynamics, problems are needed 
that permit two distinct formulations and two distinct solutions from 
which the antecedent formulations can be inferred, as well as an inde- 
pendent variable that will slant the formulation toward one or the other. 
The problem illustrated by Fig. 1 is suitable for this purpose, because the 
figures on the left can be conceptualized in terms of shape or texture. With 
such a card in an exposure apparatus, the instructions are to find what 
the figures on the left have in common and then to find on the right an- 
ee ee 
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other example of this class of figures. Fig. 1 is an ambiguous problem in 
that it can be formulated and solved in terms of the shape of the figures 
or in terms of their texture. It is a safe assumption that an $ who selects 
No. 1 has formulated the problem in terms of shape, and that one who 
selects No. 10 has formulated it in terms of texture. 

Rees and Israel, Luchins, and others have demonstrated that a set for a 
certain type of solution can be induced by training on a short series of 
problems for which such solutions are obvious,* hence two kinds of pre- 
test problems were used to slant the Ss toward either shape or texture. The 
first hypothesis states that Ss who work on a series of problems that are 


Fic. 1. AMBIGUOUS PROBLEM 


easily solved in terms of only one common property will establish a set 
to formulate ambiguous problems in this way and select a solution that 
matches this formulation, 

The problems used to study reformulation are similar except that there 
is only one possible solution on the right side, and these problems are 
presented to Ss who are set to search for solutions of the other class. The 
second hypothesis states that when $ does not find a solution in accord 
with the training series he will switch back to the preparatory material on 
the left side, reformulate it in terms of the other common property, return 
to the right side, and select the correct solution. The exposure-box permits 
S to switch back to the preparatory side, and such a switchback is taken 
as an objective sign of reformulation. 


“H. J. Rees and H. E. Israel, An investigation of the establishment and opera- 
tion of mental sets, Psychol. Monogr., 46, 1935 (No. ao 1-26; A. S. TLochins, 


Mechanization in problem solving: The effect of Einstellung, ibid, 54, 1942; 
(No. 248), 1-95. 
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PROCEDURE 


The serial-exposure box, shown in Fig. 2, consists of two adjacent chan 
separately lighted. The front of the box is a half-silvered mirror, and at the 
is a holder for 5 X 8 cards so situated that half of a card is visible in À 
chamber. The left half is exposed to S, and then, when he is ready, he throws a 
centrally mounted switch that shifts the light to the right chamber, exposing tht 
right half of the card. When he has selected a solution, he pushes an appropri: 
labelled button. Certain groups were permitted to switch back to the left side 
attempting solution, and for such groups one switchback was forced during inst 


Fic. 2. FLOOR PLAN oF EXPOSURE Box 

The problem, printed in two parts on a 5 X 8 card, is inserted in the holder on the 

back. Visibility of each part through the half-silvered mirror is controlled separately 
by the light at each side. 


tions. The time spent, after switchback, on the second preparation was automatically 
cumulated with the time spent on the initial preparation. Thus, for each problem, 
a record was obtained of time spent on preparation, time spent on solution, the 
solution selected, and, for certain groups, the number of switchbacks. 

Two blocks of eight easy problems each were constructed for the two training 
series, and half of each group did one or the other of these before attempting the 
final problems. One block was composed of problems that could be solved only in 
terms of shape and the other only in terms of texture. These were shuffled before 
presentation to S. 

Four groups of 24 Ss each, recruited from introductory psychology classes, were 
required to solve three problems. These problems were presented immediately after 
the eight training problems, in fixed order, rotated among Ss to balance order-effects. 

Ambiguous problems. One group did three ambiguous problems, similar to Fig. 1, 
mae tie hypothesis that the subgroup trained on shape would formulate the 
problems in terms of shape and select a solution of the same shape, while the sub- 
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group trained on texture would select a solution in terms of texture. If this hypoth- 
esis is confirmed, we can assume that the two training series do determine the 
formulation, and we will have a method for the study of reformulation. 
Reformulation. Similar problems were used to test for reformulation, except that 
there was only one solution for each. The subgroup trained on shape was given 
three problems soluble only in terms of texture, and the subgroup trained on tex: 
ture was given three problems soluble only in terms of shape. It was expected that 
these problems would be more difficult than the ambiguous problems in respect to 


tion, they might be considered more difficult than the ambiguous problems which 
had two correct solutions. To check on difficulty independent of reformulation, 
these problems of only one solution were given to another group, both subgroups 
of which had training problems in accord with the test-problems. 

Control IL. It is implicit in this procedure that, when a series of problems is 
preceded by problems solved in a different way, the S who does not reformulate 


TABLE I 

ANALYTICAL Data ON Four GROUPS SOLVING Figure-Concert Pacs 

; Preparation- Solution- Set “ 

onp time time solutions Errors backs 
Ambiguous 3.9 3.7 i) 0 9 
Reformulation 6.1 7.4 — 12 43 
Control I 44 4.0 70 2 9 
Control IT 6.7 11.3 = 31 ae 


the problems will not be able to solve them, or at least he will make more errors, 
To check on this implication, another group Was given the same test-problems and 
the same training problems as for reformulation, but with switchback prohibited 


by the instructions. 
RESULTS 

Ambiguous problems. The 12 Ss of the subgroup trained on shape 
selected solutions on the basis of shape for all 36 problems, The 12 Ss 
trained on texture selected solutions on the basis of texture for 28 of the 
36 problems. (The other 8 solutions were based on shape.) ‘Since there 
were 10 possible solutions displayed, the probability of choosing any one 
is 0.1, and since each S solved three problems, a chance score 18 0.3. The 
obtained scores ranged from 0-3 with a mean of 2.3, which is significantly 
different from 0.3 at the 1% level. For the whole group of 24, there were 
64 out of 72 solutions consistent with the set presumably established by 
the training series—called ‘set’ solutions in Table I. f 

Table I also gives the geometric means, in seconds, for preparation- 
time and solution-time. Fig. 3 shows that there was little change in the 
times from the first of these ambiguous problems to the third. 

It is clear that this procedure does establish a strong set to formulate 
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the three problems in accordance with immediately preceding experience. 
Thus, one of the determinants of formulation has been demonstrated, and 
a procedure is available for testing the hypothesis about reformulation. 


AuBicuous EEA 


Oo PREPARATION 


O= =o UTON 


a 
Con, 2 
aan 


MEAN LOG TIME 
SECONDS 


PROBLEMS 


Fic. 3. TIME SPENT ON PREPARATION AND ON SOLUTION OF THREE PROBLEMS 
BY ORDER OF PRESENTATION 
Each point is the mean of 24 times. 


Reformulation. As expected, every § switched back to the preparatory 
material at least once, and the total number of switchbacks was 43, to be 
compared with 9 for the ambiguous problems. Giving each S$ a score for 
number of switchbacks, the mean score for the ambiguous group is 0.4, 
and for reformulation 1.8, a difference which is highly significant. Dis- 
tegarding the number of switchbacks and considering only the number 
of Ss who switched back at least once, the comparison is between 6 and 
24, or between 25% and 100%, also highly significant. It is clear then that 
when S is faced with a problem for which his formulation, as defined by 
this procedure, is inadequate, he is very likely to have another look at 
the Preparatory material and to reformulate the problems. 

Fig. 3 (Reformulation) shows that preparation-time, which includes 
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time of switchback and reformulation, was long for the first problem and 
decreased rapidly. The number of switchbacks likewise dropped from 24 
on the first problem, to 12 on the second, and 7 on the third. These re 
sults also are consonant with the assumptions about reformulation. 

Control L The results for this group, shown in Table I and Fig. 3, are 
quite similar to the results for the ambiguous problems, hence the conclu- 
sions need not be altered. 

Control 11. This group, prohibited from switching back, made 31 errors, 
while the group that was allowed to switch back and presumably to re- 
formulate made 12 errors on the same problems. Mean errors were 1.3 
and 0.5, a difference which is significant at the 29% level. Considering 
only the number of Ss who made one of more errors, the comparison is 
between 18 for Control II and 8 for Reformulation, or between 75% and 
33%, which is significant at the 19% level. This group, like the group 
allowed to reformulate, spent considerable time on preparation for the 
first problem, after which mean time rapidly decreased. In general, if 
reformulation (as herein defined) is required but switchback is not per- 
mitted, time and errors increase. 


Discussion 


As a method for studying the processes involved in problem-solving, 
serial exposure appears to work quite well, Switching from one side of the 
card to the other seems to be as natural as the concomitant movements of 
head and eye. Time for adjustment to the task is negligible, and there 
are no complaints of interruption of the continuity of thought. The re- 
sults presented here could not have been obtained without assuming 
some temporal differentiation within the problem-solving episode, even 
within an episode of the order of 15 sec. The curves for Reformulation 
and Control II (Fig. 3) show that the separate timing of preparation and 
solution yields results that could not have been obtained by over-all 
timing. Previous research has demonstrated that serial exposure 1s no less 
efficient than simultaneous exposure in respect to time and errors. 

The results at hand can be explained by the assumption that the first 
or preparatory step in the solution of these problems is some kind of 
formulation of the data in view, and that this formulation controls the 
next step, the search for a solution. The formulation may be said to have 
a facilitative effect since, when one of the available solutions fits the formu- 


* Johnson, Lincoln, and Hall, op. cit, J- Psychol, 51, 1961, 457-471. 
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effect, since data not included in the formulation cannot be utilized in the 
search for a solution. 

The formulation can be called a ‘cognitive pattern’ since it represents 
knowledge about the perceived figures. It also can be called an ‘instru- 
mental pattern’ or ‘search-model’ since it is constructed in order to solve 
a problem. From the investigator's point of view, such a pattern can be 
treated as a ‘hypothetical construct’ or ‘mediating variable’ since it is 
known only by inference from its antecedents and consequents. The above 
results show that it is possible to manipulate antecedent conditions of 
formulation and make reasonable predictions about consequents. In fact, 
when a series of problems is arranged to force reformulation, and switch- 
back is allowed, it is possible to identify and time, for all Ss on all prob- 
lems, four operations in sequence: (1) the first formulation of the prob- 
lem; (2) unsuccessful search for a solution to match this formulation; 
(3) switchback and reformulation; and (4) successful search for a solution 
to match the second formulation. 


SUMMARY 


This research began with a hypothetical description of the solution of 
problems in terms of two processes, called ‘preparation’ and ‘solution.’ 
In the case of concept-formation problems, presented serially in two parts, 
preparation was assumed to consist of the formulation of a common prop- 
erty of the ten figures, and solution was assumed to consist of a search for 
a solution, in a display of ten possibilities, that matched this formulation. 
Serial exposure under S’s control permitted the timing of each operation. 

Ambiguous problems, the common property of which was either a 
shape or a texture, were solved, as predicted, in accordance with the 
formulation established during solution of a brief training series of easy 
problems. 

When a problem is formulated and no solution is available to match 
the formulation, reformulation was predicted, the objective sign of which 
was taken to be switching back to the preparatory material, A series of 
problems arranged to force reformulation yielded switchbacks as ex- 
pected. Hence it is claimed that formulation and reformulation have been 
identified and timed, as have attempts at solution. 


LEARNING WITHOUT AWARENESS AND 
MEDIATED GENERALIZATION 
By MELVIN MANIS, VA Hospital, Ann Arbor, and 
EpwarD J. BARNES, Michigan State University 


This study was designed to evaluate the role of verbal awareness in 
“secondary (or mediated) generalization, The basic plan of the experiment 
“was to identify Ss who had learned a discriminative task, but could not 
‘Verbalize the basis for their responses, and then test them for generaliza- 
“tion, using stimuli that were conceptually related to those of the learning- 
series. The two major goals were (1) to determine whether Ss who had 
F Jearned without awareness would show significant mediated generalization, 
and (2) to see if aware and unaware Ss would differ in the amount of 
generalization that they exhibited. It was anticipated that in learning the 
original discrimination, the aware Ss would come to associate their overt 
“responses with the conceptual meanings of the stimuli, while the unaware 
$s might rely more heavily on the physical properties of the stimuli (hence 
" their inability to verbalize the principle of the discrimination) ; it was, 
therefore, predicted that the aware Ss would show more mediated gen- 
eralization than would the unaware Ss. 

_ OF subsidiary interest to the questions regarding generalization was a 

comparison of the Ss with and without insight in terms of speed of learn- 
ing, IO, and retention. While no prediction was made for the measure of 
learning, it was anticipated that the Ss with insight would show higher 
1Qs and better retention than those without insight. 


METHOD : 
Subjects. The data reported below were obtained from 23 medical and surgical 
patients in a VA Hospital; most of these men were in their twent 
Learning. The Ss were asked to play the role of ‘plane spotters’; they were 
a series of ‘airplane insignia’ and were instructed to “guess which insignia came 
from ‘friendly planes’ and which from ‘enemy planes.’ After each response, Ss were 
told whether they were ‘right’ or ‘wrong.’ eae 
Each insigne consisted of the ‘Arabic numbers '2,' ‘3, “4, al 
a cross-shaped pattern, Although these same numbers be presented throughout, 
they appeared in different positions from one insigne to t : 
tion that the number ‘2’ (for friendly planes) or ‘5’ (for enemy planes) always 
* Received for publication March 7, 1960. Our thanks are A Drs. E. L. Kelly, 
L. J. Bookbinder, and D. W. Bostian for their assistance on this study. 
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appeared on the left; there were three distinct (i.e. non-identical) insignia of each 
type. 

The stimulus-objects were presented by means of a translucent screen and a 
Viewlex slide-projector. E was seated behind the screen, out of sight of the Ss, 
The objects were presented in four different orders, to prevent serial learning; the 
data were recorded in blocks of 11 trials each and learning-trials were continued 
until $ had completed one errorless block. Three Ss were eliminated because of 
their failure to reach this criterion within 18 blocks. 

Generalization. After the criterion of learning had been achieved, as a test of gen- 
eralization, Ss attempted to identify a new set of 20 insignia, in which the Arabic 
numerals were replaced by different numbers of circles (e.g. swo circles in place 
of the number ‘2,’ three circles for ‘3,’ etc.). This substitution was fully explained 
and the Ss were instructed to follow the same scheme (j.e. hypothesis) that they 
had used in the preceding series of trials. They were not given knowledge of results 
during the test for generalization. 

Apart from the division into friendly and enemy insignia, the stimuli which 
were presented in the test for generalization could be divided into a set of ‘old’ 
insignia and a set of ‘new’ ones. Each of the ‘old’ insignia was totally equivalent 
to one of the slides in the learning-series; i.e. each numerical element was replaced 
by its ‘circle-equivalent,’ without any alteration in position. The ‘new’ insignia 
did not have this total equivalence, although all ‘new’ insignia did have either two 
or five circles in the left position, and hence could be correctly classified by apply- 
ing the principle which governed the learning-series. Four ‘old’ stimulus-objects and 
six ‘new’ ones were presented in the test for generalization; these objects were 
randomly intermingled and were presented twice, in different orders. Thus, the test 
consisted of 8 trials on the ‘old’ insignia and 12 on the ‘new’ ones. 

Retention. After being tested for generalization, each S was given a set of 22 
additional trials on the original stimulus-objects, i.e. the ‘numbered,’ with no feed- 
back, to assess retention. 

Insight. When the above procedures had been completed, each $ was asked the 
following question: “How did you know which planes were friendly and which 
were enemy?” If $ could not verbalize the basis for the discrimination, E probed 
further, until he felt confident that S's lack of insight could not be attributed to 
limitations in verbal facility. All Ss who at this point were still unable to verbalize 
the principle, were then asked: “Take this last slide; you said it was a ‘friendly 
plane’; what made you think it was friendly?” 

Although an alternative procedure might have been to check for insight as soon 
as the learning-criterion had been achieved, this possibility was rejected, since 
the Ss might then have felt constrained to follow their stated ‘principles’ during 
the test for generalization; this would have the effect of reducing the possibility 
that Ss whose verbalizations were incorrect would show generalization above- 
chance. To guard against the possibility that a principle might be formulated during 
the learning-trials and then rejected as inapplicable, following exposure to the 
changed’ stimuli of the generalization-test, the similarity, i.e. conceptual equiva- 
lence, which existed between the ‘number’ and the ‘circle’ objects was fully ex- 
plained (see above); moreover, Ss were instructed to continue using whatever 


` All Ss correctly identified this stimulus-object as a ‘friendly plane.’ 
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scheme they had developed during the learning-series. Examination of the proto- 
C cols of the Ss’ interviews suggests that these precautions were successful. 

To determine whether $ belonged in the ‘insightful’ or the ‘not-insightful’ Group, 
the following criterion was used: if S's verbalization was accurate, i.e. if application of 
his stated principle would have led to a correct identification of each object, he was 
judged to have insight. If not, he was placed in the group without insight. As de- 
fined by this criterion, there were 13 Ss with insight and 10 without insight. Four 
$s, whose classifications were doubtful, were removed from the study. Some of the 
verbalizations given by Ss without insight were: “You have to keep track of the 
numbers, When the five and four are together, it's friendly.” “You have to take 
all the numbers into consideration.” "They have to balance to be friendly, The 
lopsided ones are not friendly. The numbers usually run up and down and across.” 

Intelligence. Following the procedures described above (which generally re- 
“quired about 30 min.), the Ss were given a short form of the Otis Intelligence 
i - Test? 

< RESULTS 

Inspection of the data revealed that the Ss without insight had per- 
formed at a level above chance in responding to both the ‘new’ and the 

‘old’ stimulus-objects.? On the ‘new,’ 9 of the 10 Ss without insight gave 
performances better than chance, and one performed at a level below 
chance, These results, using a one-tailed sign-test, are significant beyond 

the 2% level. On the ‘old’ stimulus-objects, 8 of the 10 Ss without in- 
sight gave performances better than chance, one performed at a chance 
level, and one below chance. These results are significant beyond the 396 

level. 

Examination of the ‘insightless’ Ss’ responses to the interview indicated 
that some of them had verbalized hypotheses that were correlated (al- 

; though imperfectly) with the correct principle. Although the performance 
x of the ‘insightless’ Ss on tests for generalization was better than chance, 
it was thus possible that it was not better than the performance that would 

be expected on the basis of their partial insights. To control for this pos- 
sibility, the obtained performance of every § without insight on the test 

for generalization was compared to the level of performance that he would 

have achieved had he responded in terms of the principle that he verbal- 

ized in the interview. On slides that could not be categorized in terms of 

this principle, it was assumed that $ would have been correct 50% of the 

time by guessing. The results clearly indicated that partial insight was of 
an adequate explanation for the results obtained. For the total generaliza- 


2A. S. Otis, Oris Self-Administering Tests of Mental Ability: Higher Examina- 


tion; Form B, 1950. 
*Tt was assumed that, on the basis of chance-guesses, the Ss would have been 


correct on 50% of the trials for generalization. 


428 MANIS AND BARNES 


TABLE I 
COMPARISON OF Ss WITH AND WITHOUT INSIGHT ON SIX VARIABLES 
Insightful (N = 13) Insightless (W = 10) 


Variable p of diff, 
Mean SD Mean SD 

Learning 

(blocks to criterion) 4.2 3.6 8.6 5.2 2.025 
No. correct: 

‘new’ objects 10.9 2.4 8.0 6.9 < .0025 
No. correct: 

‘old’ objects 7.8 A 6.2 2.6 <.025 
No. correct: 

old and new 18.7 1.9 14.2 4.8 005 
No. correct: 

retention 21.2 25 18.3 3.5 <.025 
*1Q 92.0 12.5 84.6 12.8 <.10 


* 1Q-measures were unavailable for 2 Ss; the means reported, therefore, represent 
Ns of 12 and 9 for the insightful and insightless groups, respectively. 


tion-series, 9 of the 10 Ss without insight exceeded their expected levels of 
performance, This result, as evaluated by a one-tailed sign-test, is si ignificant 
beyond the 2% level. On the ‘new’ stimulus-objects, 9 of the 10 Ss did 
better than predicted, while on the ‘old’ objects, 2 Ss equalled their pre- 
dicted levels, and 7 of the remaining 8 exceeded them. These results are 
significant beyond the 2% and 4% levels, respectively. 

With vs, without insight. The Ss with and without insight were com- 
pared on six dependent variables: IQ, speed of learning, generalization to 
the ‘new’ stimulus-objects, generalization to the ‘old,’ generalization to the 
‘new’ and the ‘old’ combined, and retention. Table I presents the means 
and standard deviations of the groups for each of these variables, together 
with the significance of the differences, as estimated by /-tests.t Apart 
from the measure of the speed of learning, where no prediction was 
made, one-tailed ps are reported.’ 

As may be seen in Table I, the insightful Ss performed more ade- 
quately on each of the dependent variables; on the measure of IQ, how- 
ever, the results were barely significant at the 10% level.” 


(1) Generalization. Although the insightful Ss showed superior generalization, it 
seemed possible that this might be attributable to superior associative strength, for 
eee eee ee enna nae poe 0. Operor associative strengt E 


*Similar results were obtain f the 
fan ete Use ed when the data were evaluated by means o 


$ Sid Q was the only dependent variable which failed to achieve 
i maid Lae this report, two-tailed ps are presented for comparisons of learn- 
Ep limy and one-tailed ps for comparisons on the other dependent variables. 
da iminary work with several graduate students, most of whom showed a 
felt acquisition of insight, suggests that the failure to find a more significant 


relationship between JQ and insight may be attri tricted range © 
intelligence (65-106) among the et be ig to the restricte 


` 
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previous research suggests that the achievement of a fixed criterion does not imply 
constant strength of association’ To take account of this possibility, a series of anal- 
yses of ovariance was carried out, using retention as a control-variable, It was 
assumed that, at the time of the test for generalization, individual differences in the 
strength of the original learning would be directly related to differences in reten- 
tion (as measured immediately afterwards). The results of the analyses of covari- 
ance indicated that for both the ‘new’ and the ‘old’ stimulus-objects, Ss with in- 
sight showed better performance than those without insight, even after the effects 
attributable to associative strength (as estimated by retention) had been eliminated” 
For the ‘new’ stimulus-objects p < 0.013; for the ‘old’ objects, $ < 0.07. For the 
combined set of objects, the difference between the groups was significant 

the 2.5% level. When speed of learning was statistically controlled by means of 
covariance, the differences in generalization were again essentially unchanged, al- 
though the level of significance for the ‘old’ objects was raised to 7%." A final 
series of analyses of covariance indicated that the differences in generalization were 
not attributable to IQ.” 

(2) Learning. Although the insightful Ss reached the criterion of learning more 
quickly than did the insightless Ss (p < 0.025), these results were reduced to the 
119% level when IQ was controlled through an analysis of covariance.” A 

(3) Retention. As shown in Table I, the Ss with insight showed faster learning 


did not provide a direct measure of associative strength at the termination of learn- 
ing, it is difficult to draw any firm conclusions concerning the effects of insight 


upon retention. 
DIscUuSSION 


The experimental results indicate that in responding to a task requiring 
mediated generalization, Ss without insight may exhibit levels of per 
formance that significantly exceed their ability to verbalize the basis for 
their responses. This finding is in accord with data reported by Lacey, 
Smith, and Green;?* Ss in their experiment were instructed to give con- 
tinuous free-associations to a series of stimulus-words until E told them 
to stop (after 15 sec.), and to tap meanwhile at a constant rate on a 


1B, J. Underwood, Speed of learning and amount retained: A consideration of 
maral Psychol. Bull., 51, 1954, 276-282. Ade aad 038 


* Th i etween retention and generalization were 0.39, a 
for i rela a! 1 and the combined sets of stimulus-objects, epea 3 
these analyses of covariance and those reported below, the data eniem Pa 
ably well to the assumptions underlying this procedure; see E. F. Lindquist, g 
and Analysis of Experiments in Psychology and Education, 
"Speed of learning and performance on the test for aoa” 


mE —0.30, and —0.47, for the ‘new,’ ‘old,’ and combin 
objects. RA 
"10 correlated 0.37, 0.38, and 0.40 iat the three meee 2 : eralization. 
is j f —0.25 een S| ins IET 
z There mie a eae, and ‘Arnold Green, Use of conditioned sy re- 
sponses in the study of anxiety, Psychosom. Med., 17, 1955, 208-217. 
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telegraph-key. Half the Ss were shocked 0.5 sec. after they had been told 
to stop responding to the word cow, which was presented six times. 
Presentation of this word eventually elicited an increase in heart rate, and 
most importantly for the present study, this reaction generalized to othet 
‘rural’ stimulus-words, even when Ss were unaware that the word ‘cow’ 
had always preceded the shocks. 

These results suggest that in a discriminative task involving meaningful 
stimulus-materials, the § who learns without awareness is probably re- 
sponding to the ‘conceptual meaning’ of the materials, much as the in- 
sightful S is. Thus, in the present experiment, Ss without insight learned 
to respond to the numerical concepts that appeared in the crucial left 
position, rather than responding solely to the physical configurations of 
the Arabic numbers that comprised the original stimulus-objects. This 
mode of response enabled them to transfer their learning to the insignia 
which were presented in the test for generalization, where the concepts 
that had been shown initially were represented by stimulus-objects which 
were physically unlike those in the original series. 

The significant amount of generalization shown by the Ss without in- 
sight supports Leeper’s contention that Ss in tasks involving the formation 
of concepts often “develop the ability to name new examples without 
being able to say how they do it, even when the necessary fi ormulations 
lie well within the limits of their vocabularies.”"* Adams, however, has 
noted that although Ss in each of the studies cited by Leeper may have 
produced verbalizations that differed from those with which the E started, 
it was quite possible that the verbalizations they gave would have provided 
an adequate basis for the performance they exhibited." In the present study, 
this possibility was put to a direct test; the results indicated that the amount 
of generalization shown by the Ss without insight exceeded the level of pet- 
formance that would have resulted if they had consistently followed their 
respective statements of the principle of discrimination. 

Although it is clear that the mediated generalization can occur in the ab- 
sence of verbal insight, verbal mediators apparently play a significant role 
in determining the magnitude of the effect. In the present study, Ss with 
insight showed more mediated generalization than did those without in- 
sight; thus, verbal insight apparently strengthened the mediated similarity 
between the stimulus-objects of the learning series and the associated 


: 
2 
s 
i 
3 


3 Robert Leeper, Cogniti z - 
menial Pocblogy, 1931 Bia enn S Stevens (ot) Handbook of Exper 


54, 1957, EREET boratory studies of behavior without awareness, Psychol. Bull., 
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objects in the test for generalization. This result may have come about 
in the following manner: an $ with insight would probably implicitly 
‘label’ cach stimulus-object in the generalization-series as having either a 
‘five-on-the-left,’ or a ‘two-on-the-left’ ; his overt response (friend or 
enemy) would then depend upon which of these mediating responses had 
been clicited. If this pattern were applied consistently during the test for 
generalization, performance would be perfect, since S's overt 

would ultimately be controlled by the crucial clement of each insigne. An 
§ without insight would, however, be more likely to respond to irrelevant 
aspects of the stimulus-objects since the appropriate mediating responses 
would presumably be weaker. 

In contrast with the present results, Lacey, Smith, and Green found 
that an informed-aware group (Ss who had been informed that the word 
cow would be followed by shock, and were then subjected to the experi- 
mental procedure described above) showed /ess generalization from the 
word cow to other rural words than did the Ss who were not informed. 
In this case, insight served to reduce mediated similarity. These data are, 
however, consistent with the present emphasis on the cue-producing func- 
tion of insight, For the insightful Ss, the word cow probably led to an 
implicitly verbalized expectation, such as: ‘shock will follow.’ After « 
series of trials, feedback from this response may have come to function as 
a part of the CS for the observed increase in heart rate. As a result, 
whenever a ‘rural’ word failed to elicit the insightful, ‘shock-will-follow 
response, part of the CS would be absent, and heart rate would remain 
relatively unaffected. For an $ without insight, this response-produced cue 
would not be available as an aid in differentiating between the word cow 
and other ‘rural’ words. This interpretation is closely related to Dollard 
and Miller's assertion that “attaching distinctive cue-producing kija 
to similar stimulus-objects tends to increase their distinctiveness.” 


SUMMARY 

Twenty-three Ss learned to discriminate between stimulus-objects repre- 
senting ‘friendly’ and ‘enemy’ airplanes, These objects consisted of the 
Arabic numbers ‘2,’ ‘3; "4, and ‘5; arranged in a cross-shaped pattern.. 
Although the same numbers appeared on each slide, their positions varied 
from one stimulus-object to the next, with the restriction that the r 
‘Z! (for friendly planes) or '5' (for enemy planes) always appeared on 
the left. 


™ John Dollard, and N. E. Miller, Personality and Psychotherapy, 1950, 101. 
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After this task had been mastered, generalization was tested by pre- 
senting Ss with a new set of stimulus-objects, in which the Arabic num- 
erals were replaced by different numbers of circles (e.g. two circles for 
the Arabic ‘2,’ three circles for ‘3,’ etc.) ; they were instructed to follow 
the same scheme that they had used in the initial series. The Ss were then 
tested for retention with the original set of objects, and were subjected 
to a brief interview, to determine whether they had insight into the prin- 
ciple of the discrimination. A measure of each S’s intellectual ability was 
also obtained. 

In the test for generalization, the Ss without insight performed at a 
level which was significantly superior to the performance that would 
have been predicted from their verbalizations. The Ss with insight were, 
however, more successful in responding to the test for generalization than 
were those without insight; this finding was not attributable to differences 
in IQ, learning speed, or retention, and seemed instead, to be a reflection of 
the cue-producing function of insight. 


INFORMATIONAL REQUIREMENTS IN MAKING DECISIONS 


By DEAN G. Pruitt, Yale University 


One scheme which appears to be useful for analyzing decisions divides 
the process into four stages. When a person is faced with a problem, he 
will: (1) devise several alternative solutions, each of which seems to have 
some face validity; (2) then collect information on the good and bad 
aspects of each solution; (3) ‘rate’ each solution on the basis of this in- 
formation; and (4) decide on the solution with the highest rating (the 
‘optimal’ solution). Most scientists who have adopted this model have 
been interested in the third stage, at which solutions are rated. Many feel 
that the ‘expected-value’ model of rational decision is a good description 
of what happens in this stage.* The present study is, however, focused on 
the second phase of the process—the collection of information relevant to 
the solutions being considered.* More specifically, the topic of this paper 
is the amount of information required before reaching a decision. 

Fortunately for the psychologist, there has been, over a period of sev- 
eral hundred years, a strong interest among mathematicians, economists, 


* Received for publication March 14, 1960. This report is derived from a thesis 
submitted in partial fulfillment of the requirements for the Ph.D. degree at Yale 
University. : 

1 The wales of this model has been challenged by March, Simon, pet ST 
who contend that it is applicable “only in exceptional cases. Instead o ik Sa es ei 
mizing’ model, they propose a ‘satisficing’ model which states that people anor 
solutions serially and decide on the first solution encountered that has a satisfa oiy 
rating. See J. G. March, H. A. Simon, and Harold Guetzkow, Organizatori 1958, 
140TL In the view of the present author, both ‘optimizing’ and satisiciag tt 
commonly found in human behavior. A pressing problem for research is to i an y 
the circumstances under which each occurs: Since the ‘optimizing model i a 
developed than the ‘satisficing’ model, it was used in deriving the ‘rational’ strate- 
gies for this experiment. 

* Ward E eari The prediction of decisions among bets, J. exp, Psychol. 50, 
1955, 201-214; C. H. Coombs and David Beardslee, On decision-making unde; un: 
certainty, in R. M. Thrall, C. H. Coombs, and R. L. Davis (eds.), oka ties 
esses, 1954, 255-286; Donald Davidson, Patrick Suppes and Sidney Siegel, eee 
Making: An Experimental Approach, 1957, 1-2. Another approach iy dar 
ysis of the concept ‘risk,’ has been suggested by C. H. Cooma = 65.277; Some 
A study of decision making under risk, J. exp. Psychol., 60 Do 265- 89, 1961 
characteristics of choice behavior in risky situations, An. N.Y. Acad. Sci, 89, , 
784-794. J isi 

"For other treatments of this problem, see G. M. Becker, a etag Beary 
making: Wald's model and estimates of parameters, Jeane EOE E Aeon 
628-636; F. W. Irwin and W. A. S. Smith, Further tests of cay and in- 
in an ‘expanded judgment’ situation, jbid., 52, 1956, 345-348; Value, 
formation as determiners of decision, jbid., 54, 1957, 229-232. 
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and statisticians in the rationale of making decisions. This work has pro- 
vided a number of models which can be used, as first approximations to 
theory, for the development of hypotheses. As mentioned above, the ‘ex- 
pected-value’ model of rational decisions has been very useful to research- 
ers studying how peuple rate solutions, The same model was used in the 


present research: to predict how much information people will require 
before making a decision. 


The experiment was designed to do two things: (1) to compare actual 
informational requirements with those predicted by the expected-value 
model; and (2) to compare the amount of information required before 
decision in two situations, i.e. (a) the ‘predecisional,’ in which no decision 
has been made and the individual is debating whether to choose solution 
A or B, and (b) the ‘postdecisional,’ in which the individual has already 
chosen A and is debating whether to reverse himself and choose B. 


METHOD 

Subjects. Twenty-four undergraduate men were used, all volunteers. Their ages 
ranged from 17 to 21 yr., with a median of 19 yr. 

Procedure. $ was seated before a board which had at the top red and green jewel- 
lights mounted side by side, and in the center a white warning light. E sat on the 
other side of the board. Every time the warning light flashed on, $ could obtain an 
item of information (flash of the red or green light) by pushing a button, Coun- 
ters mounted under the lights helped S$ keep track of how many of each kind of light 
he had seen. The $ was told that a biased random process determined whether the 
red or green light would come on and was shown a device which purported to con- 
trol this process. He understood that E could adjust this device to either of two 
settings, A, giving the red light a 60% chance of flashing and the green light a 
40% chance, or B, giving the green light a 60% chance and the red light a 40% 
chance, In reality, E controlled the sequence of lights, which was divided roughly 
70-30 or 30-70 between red and green (in some of the sequences red was predomi- 
nant, in others green) .* 

S's task was to decide, for each sequence of lights, which setting the random de- 
vice was in, whether biased toward red or green. There were two main conditions: 
(a) The Predecisional Condition, in which $ could make his decision at any time 
during the sequence of items of information but was not permitted to change it; 
and (b) the Postdecisional Condition, in which $ was required at the outset to de- 
cide in favor of one of the alternatives and could change this decision at any time 
during the sequence of items of information but could change it only once. 

In the Predecisional Condition, $ was given four problems of the following kind. 
First E announced that he had set the machine and that he was just as likely to 


“The first Postdecisional Problem, which was for training purposes, utilized a 
cas of 100 lights chosen from a table of random anei with a 60-40 bias. 
hen Hes the lights. So rigged that S’s original choice was always verified by the 
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have set it at A as at B. S pressed a single button once to obtain each item of in- 
formation (red or green light). When he wished to decide on the solution to the 
problem (A or B) he stopped pressing the button and announced his decision. A 
bogus scoring system was introduced which provided incentives both for making a 
rapid decision and for making the correct one: The score for a correct decision was 
101 points minus the number of items of information required before decision; no 
points were to be given for an incorrect decision. At the beginning of the experi- 
ment, 5 was told about the scoring system, “In this experiment I am studying how 
good people are at making decisions,” and after the scoring system had been pre- 
sented, he was informed that, “At the end of the hour, TIl tell you how well you 
did and how it compares with the average for the students at [this] university.” 
Scores were not revealed until the end of the experiment. 

In the postdecisional Condition, $ was again given four problems. At the be- 
ginning of each problem he was required to guess whether the device was in 
Setting A or Setting B. Two buttons were mounted on the base of the panel. If he 
guessed A, he pushed the left-hand one to obtain information; if he guessed B, he 
pushed the right-hand one. He was permitted to change this decision at any time 
by shifting buttons but could change it only once. If he did not change his de- 
cision, he continued to receive information for a full 100 trials. If he did change it, 
the series was terminated, to prevent his learning about the balance of the series, 
knowledge of which might have served as a positive or negative reinforcement of 
his decision and thus introduced an unwanted factor of learning. A bogus scoring 
system was also introduced into this condition: Every time $ pushed the correct but- 
ton, he scored 100 minus X points, where X was the number of previous items of 
information received. His score was the sum of these points. } 

The crucial datum in the Predecisional Condition was the amount of information 
received before decision. In the Postdecisional Condition, the information in three 
of the four problems was so manipulated that S appeared to have made the wrong 
initial decision. The crucial datum in these problems was the amount of informa- 
tion received before changing decision. 3 b- 

Design. The same problems (j.e. sequences of informational lights) were used 
for all Ss. Of the four Predecisional Problems given every S, two had sequences 
predominating in red lights and two in green lights. In the second, third, and 
fourth Postdecisional Problems, the sequences of information were so rigged that 
they increasingly counterindicated S's initial decision. Two of the Predecisional 
Problems were exactly the same as two of the Postdecisional problems hence com- 
parisons could be made in the amount of information required for decision with 
informational input held constant. Within the conditions, the order of mets = 
the pairing of problem with predominant color were completely counter- alanc a 
The Postdecisional Condition was always presented before the Predecisional Condi- 
tion, the advantage of this desiga being that it gave S a chance to observe 7 long 
series of lights on the first problem, which was always a Postdecisional Prob = in 
which the initial decision did not have to be changed. This procedure permitted ts 
become accustomed to the situation and to get a concrete notion of ene a 
random sequence with a 60-40 bias before the data were collected. As will be s! sa 
in the discussion of trends over time, the order of the two conditions cannot acc 
for the differences which were found in informational requirements. 
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PREDICTIONS FROM THE MODEL OF RATIONAL DECISION 


The expected-value model of decision was used to formulate hypotheses 
about the gathering of information under the assumption that problem 
solvers are periodically faced with the decision whether (a) to stop now 
and decide on a solution to the problem, or (b) to go on and collect more 
information. Any one of a myriad of strategies might be used in deciding 
when to stop. Since the expected values of all possible strategies could 
not be computed, a class of strategies was chosen for evaluation which ap- 
peared to make maximal use of the available information and, therefore, 
seemed most likely to include the optimal strategy, viz. taking information 
until one reaches a certain probability (p) of being correct about whether 
the apparatus is in Setting 4 or B. It was found that, in the tasks of the 
Present experiment, the probability of being correct is a monotonic in- 
creasing function of the absolute difference (|r — g|) between the number 
of red and green lights seen.> Hence, expected values were determined 
(a) in the Predecisional Condition for the set of strategies $ which may 
be described as “decide when |r — g| reaches a certain value $” and (b) in 
the Postdecisional Condition for the set of strategies 4 which may be de- 
scribed as “change decision if |r — g| reaches a certain value 4 and the 
proportion of red to green lights (i.e. the sign of r — g) counterindicates 
the initial decision.” 

The expected value for each strategy 4 was computed by a method 
analogous to the following.® All possible sequences of lights are enu- 
merated and probabilities of occurrence under Settings A and B assigned 
to each. Then, for every trial, the sequences which reach |r — g| = 4 for 
the first time are examined and the value of a correct decision multiplied 
by the proportion of cases in which this decision would be correct (sum 
of the probabilities of sequences in which the correct decision would be 
made). These products are then summed over all the trials to obtain an 
over-all expected value for the strategy. The results of these computations 


a majority of green lights, is given by the fol- 
oles 


of the presentations increases as the num 


g) into account. 


indivi A “ 0 . G. Pruitt, An exploratory 
ag Daaa Naal diere in sequential decision making, Doctoral dissertation, 
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are shown in Table I. The maximal expected value for both conditions is 
found at b = 4, which was, therefore, assumed to be the rational strategy 
under both conditions, 

RESULTS 


All Ss eventually decided in favor of A when red lights predominated 
in the series, and B when green lights predominated. 

As mentioned above, the objective probability (and hence the uncer- 
tainty from the point of view of S) of being correct in a decision is a 
function of the absolute difference between the number of red and green 
lights seen before decision. This difference was, therefore, used as a rough 
index of the amount of information received before decision.* Because of 


TABLE I 
EXPECTED VALUES OF THE STRATEGIES EXAMINED 
P Probability of Expected value in points 
Strategy being correct 
halra ? Predecisional Postdecisional 
Condition Condition 

0 .50 5.5 

1 0 60.0 3295 

2 69 67.3 364 

3 17 71.6 3871 

4 84 73.2° 3915° 

5 .88 72.3 3882 

6 92 3807 


* Largest expected value. 


the skewness of the distribution of these values, a square-root transforma- 
tion was made for all of the parametric tests of significance. 

The mean, untransformed amount of information received in the Pre- 
decisional Condition was 4.46, and the median 3.50. A sign-test showed 
no significant difference from the optimal strategy of 4: 13 Ss averaged 
less than 4, 2 averaged 4, and 9 averaged more than 4. The mean informa- 
tion required before decision in the Postdecisional Condition was 6.76 and 
the median 5.67. These averages are considerably above the optimal strat- 
egy of 4: 18 Ss averaged above 4 and only 6 below 4, making the sign- 
test significant beyond the 5% level. ; 

The results k the two ales were compared in an over-all analysis 
of variance, which employed only the data from the two problems (sched- 


sia a z i i the prob- 
* Oth d hich t have been used include such things as 

ability at being caeaee Py nt information-theory measure of uncertainty, but all of 
these scales are equally arbitrary for this purpose. 
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tween conditions was highly significant (F = 51.04, 1 df., P < 0.01), and 
there was a significant interaction between conditions and Ss (F = 6.57, 
23 df., P< 0.01). The question arises whether the difference between 
conditions can be attributed to the fact that the Postdecisional Condition 
always preceded the Predecisional Condition. If such an order effect had 
been present, as a result, say, of fatigue or adaptation, we would expect 
to find it also operating on the replications within conditions. An analysis 
of variance for the Postdecisional Condition alone revealed that the posi- 
tion of a problem in time was not a significant source of variance (F < 
1). A comparable analysis for the Predecisional Condition revealed a 
significant order-effect (F = 6.16, 3 df., P < 0.01), but it was in the 
wrong direction for this explanation; the mean amount of information re- 
ceived in the first problem being 4.04, second problem 4.46, third prob- 
lem 4.54, and fourth problem 4.83. 

The latter two analyses of variance also showed very great differences 
among Ss in the amount of information required before decision. (In the 
Postdecisional Condition, F = 13.96, 23 df., P < 0.01; in the Predeci- 
sional Condition, F = 33.73, 23 df., P< 0.01.) These individual differ- 
ences were compared across conditions by means of a product-moment 
correlation computed on the Ss’ means. The coefficient was 0.51 (P < 
0.01), indicating individual consistency in informational requirements 
across conditions. 

Discussion 


Both conditions in this experiment were designed to resemble situations 
in real life. An example of a predecisional situation would be a man trying 
to decide which of two houses to buy. A postdecisional situation would oc- 
cur when the man has one house and is trying to decide whether to sell it and 
buy another. There is one point at which the experimental Postdecisional 
Problems do not strictly resemble this latter example, the absence of infor- 
mation before the initial decision, Without such information, the initial 
decision was necessarily more of a guess than a considered position. The 
Postdecisional Problems were started this way because of a desire to equate 
the amount of information at the beginning of these problems with that 
at the beginning of the Predecisional Problems. In the definitive aspect of 
real postdecisional problems, viz, the flow of information which progres- 
sively counterindicates a prior position, the problems of the experiment 
were, however, strictly comparable, 

Comments from two Ss suggest a reason for the difference in informa- 
tional requirements under the two conditions. Both said that they had 
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taken more information in the Postdecisional than in the Predecisional 
Condition because the former permitted them to take information and 
have the possibility of scoring at the same time, whereas in the latter they 
could not score until they had stopped taking information. As one $ put 
it, “You have a chance of being right and still testing in those (Postde- 
cisional) problems.” Stated more generally, we might conclude that peo- 
ple will require more information before changing a decision than before 
making one because of an impatience in the latter case to begin working 
toward goals. 
SUMMARY 


Twenty-four Ss were required to decide whether a red or green light 
had the greater chance of flashing, using as information a sequence of 
flashes of the lights. In the Predecisional Condition, $ could make this de- 
cision only once per sequence of lights. In the Postdecisional Condition, 
he was required to make an initial decision before seeing any lights and 
could change this decision once. A rational strategy concerning how much 
information should be taken before decision was derived for each condi- 
tion on the basis of the expected-value formulation. In both cases the ra- 
tional strategy was “continue taking information until the difference be- 
tween the number of red and green lights reaches 4.” The following re- 
sults were obtained: 

(1) In the Predecisional Condition, the amount of information required 
before decision closely approximated the rational strategy, but in the Post- 
decisional Condition, the amount of information required before changing 
decision exceeded the rational strategy. ? d 

(2) Although the two conditions were equated in informational input 
and rational strategy, considerably more information was required before 
changing decision in the Postdecisional Condition than before making de- 
cision in the Predecisional Condition. 

(3) Within both conditions, the informational requirements for each 
S were highly consistent over replications. There was a significant, posi- 
tive correlation between informational requirements under the two condi- 
tions, 


PHOTOGRAPHIC MEASUREMENT OF THE RETINAL IMAGE 
By Eric G. HEINEMANN, Vassar College 


This paper deals with the question of whether changes in accommoda- 
tion and convergence affect the size of a retinal image. Suppose that two 
objects are presented at different distances from the eye. Let the objects be 
of such size that they subtend the same angle at a point located 1.35 mm. 
behind the vertex of the cornea (the first principal point of the unaccom- 
modated eye), and assume accurate accommodation and convergence to 
each of the distances. Are the retinal images of the two objects of the same 
size? 

Computational procedures based on the schematic eyes of physiological 
optics yield an unambiguous answer: The two images are very nearly of 
the same size. The image of the nearer object is very slightly smaller, be- 
cause the first principal point shifts backward slightly in the accommodated 
eye. 


There are a number of facts of psychophysics that may lead one to entertain some 
doubts about this matter. To give a few examples: In a recent paper, Heinemann, 
Tulving, and Nachmias showed that the apparent size of an object varies with 
changes in convergence and accommodation Objects look somewhat smaller when 
the eyes are adjusted for near vision than when they are adjusted for far vision. 
This effect does not depend on a correct perception of the distance of the objects. 
Furthermore, several investigators have reported that the size of the negative after- 
image (determined by measuring how much of the surface of projection it occludes) 
does not follow Emmert’s law Precisely; when the image is projected on a surface 
near the eye, its measured angular size is slightly larger than when it is projected on 
a surface that is farther away.” Analogous results for a figural after-effect have been 
reported by Sutherland.” None of these results is explicable in terms of current theo- 
ries of size-constancy. In each case, the results are such as would be expected if 
accommodation or convergence produced a considerably larger decrease in the size 
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of the retinal image than that expected on the basis of the shifts in the cardinal 


Is it altogether impossible that this is indeed what happens? The answer depends 
on how accurately the ‘model’ eyes of physiological optics represent actual human 
eyes. The optical constants of these ‘model’ eyes, Że. the radii of curvature of the 
various refracting surfaces, their indices of refraction, and distances apart, represent 
average values based on empirical measurement of such constants in groups of liv- 
ing, normal, human eyes. The accuracy of the available measurements is high 
enough to raise no questions in the present context. Another quantity that must be 
known to compute the size of the retinal image is the length of the eyeball. The 
older measurements of the length of the eyeball all were based on excised eyes, but 
recently such measurements have been made on living eyes by a method that involves 
the use of X-rays.' The latter measurements were made, however, on eyes with ač- 
commodation relaxed. If the length of the eyeball were to change a little during 
the processes of accommodation and convergence, a change in the size of the retinal 
image would, of course, result, A survey of the relevant literature provides no evi- 
dence that would completely rule out this possibility. There are still other conceiv- 
able sources of variation in the size of the retinal image that cannot be dismissed 
on the basis of available evidence. 


Whatever the plausibility of the particular speculations put forward on 
the basis of psychophysical results, some direct measurements bearing on 
the general question of whether the retinal image changes with accom- 
modation and convergence are of obvious value. What follows is a descrip- 
tion of a method for making such measurements and the results for a 
single S. 

Subject. The S was a young man, 18 yf. old. His visual acuity, as determined on 
the Bausch and Lomb Orthorator, was equivalent to Snellen 20/20 for both near 
and far distances. The tests for phoria incorporated in the Orthorator showed no ab- 
normalities, and retinoscopic measurements showed that, over the range of target- 
distances used in the experiment, changes in target-distance resulted in appropriate 
changes in the level of accommodation. (Retinoscopic measurements were made on 
the right eye only. The general technique used has been described beech“ 

Apparatus. A diagram of the optical system used is shown in Fig. 1. The source 0! 
light is a projection-lamp with a small concentrated coiled filament (GE 18 AT A 
Light from this source is collimated by lens Lı Lens Lı forms an image of the fila- 
ment in the plane of the pupil of S's right eye. X is the slide that contains the Li 
tern to be viewed by S. This slide is mounted about 1 mm. in front of Lens Ls. The 
pattern presented to S, at the viewing distance of 100 cm. (see below), is w 
in Fig. 2, which is a photograph of its retinal image. The diameter of the whole 
illuminated area subtends 4° at a point 1.35 mm. behind the vertex of the cornea. 

*§. Stenström, Untersuchungen über die Variation und Benes der soils 
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The diameter of the largest of the three inner circles subtends 3°, the diameter of 
the next largest, 2°, and the diameter of the smallest, 1°. The black dot in the 
center is the point of fixation. The pattern presented at the viewing distance of 25 
cm. was the same except that the three inner circles were omitted. 
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Fic. 1. DIAGRAM OF THE OPTICAL SYSTEM USED TO PHOTOGRAPH THE RETINAL IMAGE 


Fic. 2. RETINAL IMAGE OF THE TARGET-PATTERN 
(Viewing distance of 100 cm.) 


g Misa partially silvered mirror. S sees the front surface of Lens Le (and the slide) 
in Maxwellian view. The light that emerges from S's eye, as well as that reflected 
by the cornea, is reflected by the Mirror M toward Lens Ls. Moving in the direction 
of Le the Lens Ls first forms an image of the retina, then an image of the corneal 
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reflection. A small stop (ST) is so placed in the plane where the image of the cor 
neal reflection is formed that this light cannot reach the camera. Lens Le collimates the 
light from the retina. Finally, La the objective of the camera, forms an image of the 
retina on the film 

‘be lieht-source and lenses Ly and Le were so mounted oa an optical bemch that 
the distances could be adjusted easily, The position of S's head was fixed by a biting 
board 

Procedure. S's head was so adjusted that when he fixated the center of Lens Le 
with his right eye, this eye was in approximately its primary position. He always 
fixated binocularly, but, of course, only the right eye was presented with a Maxwel- 


For one series of photographs, the distance between the first principal point and 
the slide was adjusted to 25 cm., for another series this distance was adjusted to 
100 cm, (To maintain constant angular size, the slides used at these two distances, 
of course, had to be of different linear size.) To facilitate precise adjustment of these 
distances, two sections of steel drill-rod were cut to lengths corresponding to the 
desired distances from the anterior surface of the cornea to the slide. For the final 
adjustment, one end of the rod was pressed against the slide, while the other end 
was pressed lightly against the cornea of the right eye. 

S held in his hand a cable-release for the shutter of the camera. He was told to 
trip the shutter when he felt that he was fixating well and when the object appeared 
to be sharply focused. All exposures were 1/5-sec. in duration. 

Altogether, about 200 photographs of the retina were made while $ was viewing 
a target of the type described above. One-half of these were made with the target 
25 cm. from the eye, while the other half were made with the target at a distance 
of 100 cm. 

The main purpose of using a pattern consisting of concentric rings 1, 2, 3, and 4° 
in diameter was to provide a check on any distortions that might be introduced 
somewhere along the optical path from the stimulus-slide to the Ken = 


were omitted. Eight such targets were used, forming a graded series varying pol 
ameter in successive steps of 5% from 3° 17' to 4° 48". The viewing d * 
this part of the experiment was 100 cm. s 

Accuracy of oneal The stimulus-disks having an angular size aoe = 
ee oe eke med in the ealibration-series were made by cutting holst & 
aluminum plates. These holes were cut to a tolerance of 1/200-in. in the value of 
the diameter, At the distance of 25 cm., this means tolerance somewhat smaller 
than 1% for the disk of 4°. ecial 

Specification of the accuracy of the distance-measurements presents some 
problems. The drill-rod was cut to the desired length with a tolerance of agit 
fraction of 1% but, even with the use of the biting board, Sates yoo 
course, completely immobile. The range of variation that might result pani 
movements was determined roughly by observing the vertex of ae me F 
arrangement of a telescope and a measuring reticle as $ tried to move EA 
up or down, or forward or backward, while maintaining a firm bite on the bag 
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board. The measured displacements that resulted did not exceed 1 mm. A quite 
conservative estimate is that, for the critical distance of 25 cm., the actual distance 
was within 1% (2.5 mm.) of the specified distance. 

Errors in the diameter of the retinal image arising from uncertainties about the 
size of the stimulus-object and the viewing distance then should not exceed 2% 
of the specified value. 

Treatment of results. Fig. 2 is a sample of the photographs obtained when the 
viewing distance was 100 cm. The picture shows the stimulus-pattern together with 
various structural features of the retina. The clarity of various features of the network 
of blood-vessels varied somewhat from photograph to photograph. The approximately 
100 photographs taken at each distance first were carefully inspected. E selected 


DIAMETER OF IMAGE ( D, units) 


(J T 
DIAMETER OF STIMULUS-OBJEGT 


Fic. 3. THE DIAMETER OF THE PHOTOGRAPHIC IMAGE AS A FUNCTION OF THE 
DIAMETER OF THE STIMULUS OBJECT 

(Dz, the unit of measurement for the ordinates, is the distance between a pait of 
anastomoses of retinal blood-vessels.) 


from each set 18 photographs in which a certain pair of retinal ‘landmarks’ (an- 
astomoses of blood vessels) showed particularly clearly, The two ‘landmarks’ se- 
lected were separated by an angular distance of about 3° and were so situated that 
a line connecting them passed near the point of fixation. 

Measurements of size were made by the following procedure: Using a pair of 
dividers, E measured on each of the photographs the distance between the two 
‘landmarks,’ Next, E drew on each photograph a straight line that was parallel to 
the line connecting the two ‘landmarks’ and that passed through the center of the 
point of fixation. Then E measured the distance between the two points where this 
line crossed the edges of the 4° illuminated area, and also, for the photographs 
taken at 100 cm., the distances between the points where this line crossed the three 
inner circles. Each of these distances then was divided by the distance between the 
‘landmarks.’ This distance between the ‘landmarks’ will be called Dz. Dz then is 
the unit in terms of which the Measurements of the size of the retinal image finally 
are expressed. Analogous measurements were made on the calibration-photographs. 


MEASUREMENT OF THE RETINAL IMAGE 445 


Results. The measurements made on the calibration-photographs are 
shown in Fig. 3. The diameter of the stimulus-objects is plotted against the 
diameter of the photographs of their retinal images. The linear relationship 
obtained indicates that no significant distortions occurred. 

Turning to the principal series of measurements, the mean diameter of 
the 4° area was 1.489, in Dz units, for the 100 cm. condition, with SEy = 
0.0021. It was 1.513 D; units for the 25 cm. condition, with SEy = 0.0039. 
The difference between these two means is significant beyond the 1% level 
of confidence as evaluated by the #-test. 

The diameter of the image of the far object is 98.4% of the diameter of 
the image of the near object. While, as the t-test shows, the difference in 
the size of the images on the photographs is almost certainly real, the dif- 
ference of 1.6% does not exceed the error that could occur as a result of 
inaccuracies in the measurement of the size of the stimulus-object and its 
distance. 

The results then are in complete accordance with expectations derived 
from the ‘schematic’ eyes upon which computations of the size of the 
retinal image commonly are based. A solution of the problems raised by 
the psychophysical results mentioned in the introductory section is not to 
be found at the level of optics. : 

Summary. The image of a target-pattern of constant angular size 
formed on the retina of a living, human eye was photographed under two 
levels of accommodation and convergence. The size of the image was the 
same, within the limits of an error of measurement of about 2%, when 
the eyes were adjusted to a viewing distance of 25 cm. and to a viewing 
distance of 100 cm. 

The results of these empirical measurements are in complete accordance 
with expectations based on the ‘model’ eyes commonly used in computa- 
tions of retinal-image size. 


LEARNING AND RECALL IN BILINGUALS 
By Susan M. Ervin, University of California, Berkeley 


Natural bilinguals supply an opportunity to explore the effects of a 
type of verbal training too prolonged and complex to be easily duplicated 
in a laboratory. In the following study, the effects on memory of varying 
the languages used in learning and recall are investigated. 

A bilingual may be said to be dominant in the language in which he 
has greater facility in naming common objects. One might expect that re- 
call would be most complete in the dominant language. It is not obvious, 
however, that this superiority would be true for material learned in an- 
other language and recalled later in the language then dominant. 

A model for bilingual recall is suggested by studies of mediated asso- 
ciations. Bastian has shown that the learning of eagle-sickness, for in- 
stance, facilitates later acquisition of eagle—health, presumably through 
the covert mediation of sickness—health.1 Similar response-mediation can 
occur during naming of non-verbal stimuli. In a study of color-naming, 
the author showed that the names offered by bilinguals differ from those 
given by monolinguals, and that these were the names with the shortest 
response-time, or their translations.2 A covert response seems to mediate 
a translation when response-language is restricted by instructions. 

Similarly, it may be expected that in the naming of pictured items it will 
be found that: (1) the language of shorter reaction-time is the language 
of covert response when overt language is restricted; (2) covert responses 
in a different language from that used in the overt responses reduce recall 
in the latter language; (3) spontaneous translation is more probable into 
the dominant language than into the subordinate language. 


In the following discussion, major items are those normally named more quickly 


in the dominant language and minor items are those named more quickly in the 
subordinate language. 


The first two hypotheses lead to the prediction that major items will be recalled 
best when named in the dominant language and recalled in that language, as in 
Sector D of Table I. Similarly, for minor items recall will be facilitated in Sector 
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TABLE I 


PREDICTED RECALL UNDER DIFFERENT CONDITIONS 


(‘Minor’ and ‘Major’ refer to the type of items learned. Conditions 
marked ‘plus’ are above the mean of all conditions.) 


Naming language 
Language of recall 
subordinate dominant 
Subordinate A B 
Minor+ Minor— 
Major— 
Dominant C D 4 
Minor+ Major+ 
Major+ 


A. If covert practice had no effect, then there would be no difference between major 


and minor items. 
Spontaneous translation into the dominant language at the time of recall would 


facilitate recall in Sector C for both kinds of items, When would recall be worst? 
Presumably in Sector B, where items must be learned in one language and 

in another, without the help of translation into the dominant language. This con- 
dition should be especially poor for major items, which are not even covertly prac- 
ticed in the language of recall in Sector B. When items are pooled, Sector Cc 
should be optimal and B worst. 

The above predictions might be compared to those based on other premises. If 
skill in the response-language alone mattered, then dominant recall should always 
be superior. If overt practice alone mattered, then the conditions in which the 
language is switched—Sectors B and C—would always be inferior. In neither case 
would major and minor items be different. he 

In a preliminary experiment on 16 ‘English-dominant’ and 16 ‘Navaho-dominant 
Navahos, tested on the reservation, sets of pictures were named and recalled under 
the four conditions described in Table I. The pictures were half of Indian and half 
of Anglo objects. It was found that better recall occurred whenever $ was 
to recall in his dominant language (p < 0.05). Sector B was worse than all other 
conditions combined (p < 0.03) and Sector C was better than the other conditions 
combined (p < 0.05). Since Ss paced themselves, they were exposed longer to the 
items most difficult to name in the designated language. This varying exposure-time 
makes interpretation somewhat difficult. It was, however, clear that the pattern of 
ease of recall for the Navaho-dominant was the mirror-image of that of the Eng- 
lish-dominant. Thus the pattern was the same regardless of which particular lan- 


guage was dominant. 
METHOD 


General. In the experiment reported below Italian-Americans were first given 
tests to establish control over individual differences. After an initial interview, 
they were given a Janguage-dominance test to determine their relative pe 
Italian and English, and an intrusion-test of spontaneous translation in rt E ir 
learning experiment took place several weeks after the initial tests. The Ss, a fe 
number, were assigned in a factorial design, according to dominant ska 
or low intrusion-score, language of learning in the experimental session, an an- 
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guage of recall in the experimental session. There were two Ss in each cell of this 
design. 

Language-dominance test. A set of 120 drawings of simple objects namable in 
both Italian and English was presented in a six-page booklet to each S. He was 
instructed to name the first three pages in English, then the next three in Italian. 
Then the procedure was repeated, reversing the order. The total response-time 
in Italian and in English for each set of three pages was recorded, together with 
the number of items $ could not name. The difference in the response-times in 
log seconds for the naming of the same sets of pictures in English and in Italian 
constituted the test of relative dominance. As a validation, a similar test constructed 
for Navahos had yielded a correlation of 0.72 between English dominance and years 
of schooling. Schooling is the principal, but not the only source of English training 
for Navahos. In addition, other evidence on the background of the Italians sup- 
ported the validity of the test. 

Intrusion-test. To permit control over individual differences in the probability of 
Spontaneous translation between the two languages, a further test was constructed. 
Six pages of five pictures each were presented, and Ss named alternate pages in each 
language. At the end, they were asked to recall as many pictures as possible. The 
Proportion of switches to the other language than the one in which the picture 
was named was used as a measure of intrusions for each language. This measure 
was used for a balanced design, a high-intrusion and a low-intrusion S being as- 
signed to each experimental condition. 

Learning. To guarantee that all Ss could name the pictures readily in both lan- 
guages, the 18 pictures in the learning experiment were chosen from the 120- 
picture test of language-dominance. Only those pictures were selected which all Ss 
had named on both languages. This criterion guaranteed that the pictures were 
unambiguous, and that the terms were all common in both languages. While the 
actual exposure-time during naming in the test of language-dominance was not con- 
trolled, it is highly probable that these items, being the easiest, were named the 
most rapidly of the items in the test, hence effects on the learning task several weeks 
later would be minimal. 

At the learning session, S was instructed to name the pictures in a specified 
language, and told that he would be asked to recall them later. Instructions were in 
English, due to the dialectal variations of Italian, but Ss had heard E speak stand- 
ard Italian, The series was in the same order for all Ss, and was shown twice, with a 
6-sec. interval between items. The response-time for naming each item was rê- 
corded. During the interval between learning and recall, Italian adjectives were as- 
signed to Italian nonsense-words. After 6-min., Ss were instructed to recall as many 
items as they could in a specified language. There was no time-limit on the period 
of recall. 

Classification of items. After the collection of the data, the items which were 
easier to name in Italian than in English were identified empirically. For the Italian- 
dominant Ss, six items were found which had shorter latencies in Italian than in 
English. These were Items 2, 5, 7, 11, 14, and 15 of the 18-item list, The six 
items named relatively faster in English were Items 3, 4, 6, 10, 12, 13. This 
Categorization was based on a comparison of average latencies for the same items 
= the group which named in Italian and the group which named in English. 

ithin each group, when the tank-order of latencies for different items was com- 
pared, the order was appropriate—for example, the Italian items had the shortest 
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latencies for the group speaking Italian and the English items the longest. There 
was a rank-order correlation of 0.60 between the latencies of these 12 items in the 
group speaking English and in that speaking Italian. This consistency suggested 
that a stable set of major and of minor items had been identified. These six items 
in each group were used in the analysis of results reported below. 

In the English-dominant group, only three items were named more quickly in 
Italian than in English, and the rank-order of latencies of the items within the two 
groups was uncorrelated. No separate analysis of major and minor items was, there- 
fore, possible for the English-dominant $s. 

The design did not counterbalance order of pictures. Since the major pictures 
were farther from the middle of the list for the Italian-dominants than were the 
minor pictures, they should have been remembered better, if the items were other- 
wise equated.’ The predictions at issue concerned comparisons between conditions 
within each set of items separately, however, and across conditions serial order 
of items was constant. 

Subjects. Interviews and tests were given to Italian-Americans in Boston, aged 20- 
80 yr. The extreme groups in dominance in the two languages were selected to com- 
prise two groups of 16 Ss. 

It was found that the two groups differed in many important respects. The 
Italian-dominants were older. None had come to this country before the age of 9 
yr. They spoke Italian most of the time. None of the English-dominants came © 
this country after the age of 6 yr. and most were born here. They spoke English 
in school, with friends and siblings, learning Italian from older relatives but mix- 
ing it liberally with English. They were thus compound bilinguals whereas the 
Italian-dominants, who learned Italian from monolinguals, were more codrdinate and 
thus less likely to have associative links between the languages." 


RESULTS 


There were no significant differences in recall under the various condi- 
tions for the English-dominant Ss. The Italian-dominant Ss did however, 
display differential recall under various conditions. Minor _ English) 
items were most often recalled when they had been named in English, 
regardless of the language of recall, (F = 8.8). Major items were most 
often recalled in the dominant language, Italian (F = 9-1), and there was 
an interaction between the language of learning and of recall (F = 58); 
with language-switching reducing recall.’ These differences are significant 


at the 5% level. 
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Discussion 
The results have supported the analysis of covert naming during learn- 
ing. If covert naming were unimportant, there would be similar patterns 
of facilitation for major and minor items, In the Italian-dominant group, 
however, Condition A was facilitative only for minor items and Condition 
D for major items (see Table I). If there is only an overt effect of practice 
there should have been equal facilitation for all items in both conditions, 


TABLE II 
MEAN NUMBER oF Items RECALLED 
English-dominant (NV = 16) Italian-dominant (N =16) 


Recall 
Sub. Dom. Sub. Dom. 
naming naming naming naming 
Subordinate 9.50 11.25 7.50 5.50 
Dominant 9.00 9.25 9.00 6.75 


The significantly lower recall of major items in Condition B «iso demon- 
strates the presence of covert naming, since this is the only situation in 
which there is assumed to be neither covert practice in the language of 
recall nor translation. 


TABLE III 
MEAN NUMBER OF MAJOR AND MINOR ITEMS RECALLED 


(Ambiguous items were excluded from this analysis, hence the 
totals do not equal those in Table IT.) 


(Italian-dominant Ss) 


Minor items Major items 
Recall a = 
Sub. Dom. Sub. Dom. 
naming naming naming naming 
Subordinate 2.50 1.50 2:25 1.25 
Dominant 3.75 1.75 2.50 3.50 


The differences were significant only for the Italian-dominant bilinguals, 
and in the pilot study, for the Navahos, who had learned and used the 
languages under ‘codrdinate’ conditions, separating the audiences and 
settings of use. Such conditions maximize of differences meaning,’ and 
minimize the probability of intrusions." For the English-dominant com- 
pound bilinguals, however, strong associative relationships between the two 
languages were likely as a result of the fact that the languages were used 
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interchangeably with the same speakers and situations, Practice in one 
language then induces practice in the other by mediated generalization, and 
consequently recall-conditions would not differ. 

This finding places an important restriction on the generality of lan- 
guage-effects on recall. Language will differentially influence recall only 
if the speaker addresses monolinguals frequently enough so that there is 
minimal probability of cross-language association. 

Would these findings also apply to incidental learning? Probably so, 
since there is greater generalization under intentional learning.’ Response- 
generalization extending to the other language would destroy the differential 
effects found in this study, so it seems reasonable to assume that under in- 
cidental conditions the differences would be at least as great. Indeed, it 
has been reported by Doob that for verbal statements there is differential 
recall under conditions of incidental learning, when languages of learning 
and recall are varied.’ 

SUMMARY 

Italian bilinguals were tested for recall of pictorial material using Eng- 
lish and Italian during learning and during recall. Pictures easier to name 
in the bilingual’s more fluent language were recalled significantly more 
often in that language regardless of the language of learning. Optimal 
circumstances for recall of such pictures were learning and recall in the 
dominant language, if exposure-time during learning was controlled. The 
worst condition for recall was learning in the dominant language and re- 
call in the other language. 

Pictures easier to name in the bilingual’s less fluent language were re- 
called equally well in either language, but learning in the subordinate lan- 

uage was superior. y 
4 Thus it ee that under natural conditions, where material would be 
learned in the lanuguage most appropriate to it, the optimal recall-lan- 
guage is always the language dominant at the time of recall. These differ- 
ences between conditions appeared only for codrdinate bilinguals, who 
had had an opportunity to learn both languages from monolinguals. 

These differences fit the following assumptions: (a) there are buyers 
responses in the language of easier naming, when overt language 1s te- 
stricted; (b) covert responses in the same language as the overt pps 
strengthen recall in that language; (c) spontaneous translation is more Pr 


able into the dominant language. 
"Leo Postman and P. A. Adams, Studies in incidental learning: VI. Intraserial 


i "Psychol 54, 1957, 153-167. p 
iitgefereaca | ee of language on verbal expression and recall, Amer. 
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THE EFFECT OF ISOLATION OF STIMULI AND 
RESPONSES IN PAIRED ASSOCIATES 


By Jacos NAcHMIAS, HENRY GLEITMAN, and VIRGIL V, MCKENNA, 
Swarthmore College 


Beginning with Von Restorff, numerous investigators have shown that 
a distinctive item is learned more readily than relatively undifferentiated 
items in the same list.t Although this ‘isolation-effect’ has been treated vari- 
ously in terms of Gestalt trace-theory, of surprise, or of reduced intraserial 
interference, no generally acceptable explanation of the phenomcĘaon exists 
at present.* A necessary prerequisite for such a theory is a substantial body 
of data regarding the properties of this effect. This prerequisite has not yet 
been met, despite a recent recurrence of interest in the phenomenon. 

Thus, it is important to know the relative efficacy of isolation of the 
stimulus and the response in associative learning. Among other things, such 
information would be relevant to the evaluation of theories that explain 
the isolation-effect as primarily due to greater stimulus-generalization 
among the crowded pairs. If so, the effect should be less on the side of the 
response. 


A recent experiment by Kimble and Dufort bears on this problem.’ They con- 
clude that responses to isolated stimuli are learned more easily than control items, 
but isolated responses are learned, if anything, less easily. Unfortunately, this con- 
clusion is not quite warranted, in view of a shortcoming in their experimental de- 
sign. In their Experiment II—the most relevant one for this problem—10 common 
three-letter words were paired with 8 familiar two-syllable words and 2 paralogs 
(the isolated items) selected from Noble's list. For Group S, the three-letter words 
were the response (isolation occurring on the side of the stimulus), while for 
Group R they were stimuli (isolation occurring on the side of the response). Con- 
sequently, Groups S and R differ in two respects: isolation on either the side of the 
stimulus or of the response, and also the kind of material that served as stimuli and 
responses. Since it is quite likely that the magnitude of the isolation-effect depends 


* Received for publication February 13, 1960, The authors are indebted to Charles 
C. Torrey for conducting some of the experiments in this study. 
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"a, Green, Surprise as a factor in the Von Restorff effect, J. exp. Psychol., 
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“oe ization and differentiation to verbal learning, Psychol. Rev., 47, 1940, 196- 
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on the type oÉ response $ must learn and on the type of stimulus to which be must 
associate them, Kimble and Dufort's design is not suitable for the comparison of $ 
and R isolation. Experiments such as that of Newman and Saltz, using serial learn 
ing, are inconclusive for the same reason.* 


The present investigation attempts to resolve the uncertainty regarding 
the relative efficacy of isolating S and R. To avoid confounding type of 
material with the variable under study, the identities of the isolated items, 
of the items in which they are embedded (crowded items), and of the 
items with which crowded and isolated items are paired (homogencous 
items) are all systematically varied. 


MeTHOD 
Materials. Three categories of materials were employed: two-place numbers, non- 
sense syllables (from the 20% level of Glaze’s list), and five-letter adjectives (rated 


To balance the effect of materials for isolation of both stimulus and response, 12 
different paired-associate lists were constructed. Every list consisted of nine pairs, 
presented in scrambled order. The stimulus and response of any pair never belonged 
to the same category of items. To study isolation of the stimulus, lists were used in 
which all responses were from one category, the stimuli being drawn from the other 
two—seven of them from one of these categories (‘crowded items’), and two from 
the other (‘isolated items’). To study isolation of the response, the same lists were 
used but with the pairs reversed, that is, stimulus and response being interchanged. 
To control for the effect of materials, isolated and crowded categories were re- 
versed in different lists, so that the very same items that were ‘isolated’ in one list 
became ‘crowded’ in another. This procedure was followed for all three categories 
of items, counterbalancing materials for all conditions. The different lists are dia- 
grammatically presented in Table I. N 
Procedure. Sixty Ss were employed in this experiment, five for each list. All $s 
were undergraduates taking an introductory course in psychology, and were randomly 
assigned to one of the 12 groups. 
Every list, in eight scrambled orders, was presented on a Hull-type memory-drum. 
The stimulus was presented for 1.5 sec., followed by both stimulus and response for 
another 1.5 sec. Three seconds elapsed between successive presentations of the list. 
The Ss were instructed to anticipate the response-item. Syllables had to be spelled 
and numbers were reported in digits. This procedure was continued to a criterion 
of one errorless run through the entire list. 


RESULTS 
Stimulus-isolation vs. response-isolation. The first analysis was based 


upon the comparison of pairs containing isolated items with pairs contain- 


15. E. Newman and Eli Saltz, Isolation effects: stimulus and response generaliza- 


tion lanatory concepts, J. exp- Psychol., 55, 1958, 467-472. 
oy s éxplanstory in value of nonsense syllables, ip tan Poe 
35, 1928, 253-267; E. L. Thorndike and Irving Lorge, The Teacher's Wo 
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ing the so-called ‘critical crowded’ items, the latter being those crowded 
items in the list under consideration which were isolated in the other list, 
The data from the remaining five pairs were not used. 


TABLE I 
SCHEMATIC REPRESENTATION OF THE COMPOSITION OF THE TWELVE Lists 
(A=adjectives; N=numbers; S=nonsense-syllables) 


Trials to criterion 


Condition Stimuli Responses 
Mean SD 
A,S N 24.4 8.1 
A,N S 37.8 18.8 
Stimulus- S, A N 20.0 18.6 
isolation S, N A 18.6 2.9 
N, A S 28.6 91 
N,S A 16.2 8.8 
N A,S 33.0 9.8 
S A, N 32.0 27.7 
Response- N S,A 27.4 16.4 
isolation A S, N 20.0 9.8 
S N, A 28.4 19.6 
A N,S 26.8 10.5 


Table II indicates the mean number of all errors (including failures to 
respond) for pairs containing isolated and ‘critical crowded’ items for both 
conditions of isolation. The data were subjected to an analysis of variance 
(Type I, mixed design) with two variables: items isolated vs. items 
crowded, and stimulus-items homogenous vs. response-items homogeneous.® 
A difference in the relative efficacy of the isolation of stimulus and re- 
sponse would show up as an interaction between these main variables. In 
fact, the analysis reveals a highly significant effect of isolation (F = 26.0, 
df. = 1,58; p < 0.01). Both the interaction, and the other main effect, 
fall, however, far short of statistical significance (F < 1.00). 

To control for the possibility that these results are due to differences in 
difficulty of the lists as a whole, another analysis was performed, using the 
data from all items in the lists, For every S, the mean number of errors for 
both isolated and critical crowded items were corrected by subtracting the 
mean errors on the remaining five (non-critical crowded) pairs. An analy- 
sis of variance performed on these ‘corrected’ scores yielded results almost 
identical to those reported above: effect of isolation highly significant (F = 
29.2, df. = 1,58; p < 0.01), the other main effect and interaction both 
insignificant. 


It thus appears that isolation is effective both on the side of stimulus 
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and of the response of paired-associate lists, and to about the same extent. 

Intrusion-errors. The preceding analysis was based upon all errors for 
pairs containing critical items, whether they were intrusions or failures to 
respond. One further fact emerges when intrusions are considered sepa- 
rately. 

These errors account for a fairly large proportion of the total: 33% for 
pairs containing isolated and 27% for pairs containing ‘critical crowded! 
items, respectively. 


TABLE II 
MEAN NuMBER OF ERRORS IN ISOLATED AND CRITICAL-CROWDED PAIRS 
Intrusion-errors 
All errors 
— isolated critical-crowded 
Condition critical- pairs pairs 
isolated crowded —— = 
pairs pairs within across within across 
Stimulus-isolation 21.3 28.8 3.5 5.3 1.2 8.4 
Response-isolation 23.6 33.3 3.2 2.5 8 5.6 


When considering pairs with isolated items, two kinds of intrusions may 
be distinguished: within-category, and across-category. A within-category 
intrusion occurs when one isolated item is substituted for another (or the 
response to one isolated item is given in place of the response to another, 
depending on whether isolation is on the side of the stimulus or of the 
response). An across-calegory intrusion occurs when a crowded item (or 
the response to a crowded item) is substituted for an isolated item (or re- 
sponse to an isolated item). =e 4 ks ; 

Analogous measures can be devised for pairs containing critical crowded 
items. A within intrusion becomes the substitution of one critical crowded 
item (or the response to it) for the other (or the response to it). The 
analogue to an across intrusion is giving an item other than a critical 
crowded one (or the response to one) for a critical crowded item (or the 
résponse to it). Distt 

As indicated in Table II, there are proportionately more within than 
across intrusions in pairs containing isolated items than in pairs containing 
ctitical crowded ones. When isolation was present on the side of the stim- 
ulus, the ratios of average within to average across intrusions are 0.65 and 
0.15 for isolated and crowded pairs, respectively. Corresponding ratios for 
isolation of the responses are 1.28 and 0.14. The differences between ra 
ratios for crowded and isolated pairs, based on data from individua S 
were subjected to the sign-test, and found to be highly es E 
0.01). Evidently the isolated items become more similar to ol y 
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virtue of their isolation, thus leading to proportionately greater confusion 
between them. It should be recalled that, considering all 12 lists, the same 
items appeared equally often in isolated and critical-crowded pairs. 

As was the case when total errors were considered, no significant differ- 
ences appear to exist between isolation of the stimulus and of the response 
in so far as the preponderant type of intrusion-error is concerned. 


SUMMARY 


An experiment is reported which sought to determine the existence and 
relative magnitude of the effect of isolation on the side of the stimulus 
and of the response in paired-associate learning. The type of material from 
which were chosen the isolated items, the crowded items in which they 
were embedded, and the items with which isolated and crowded items were 
paired was systematically varied. It was found that isolated items (or re- 
sponses to them) are learned more readily than crowded items (or re- 
Sponses to them), and that the efficacy of isolation is about the same on 
the side of the stimulus and of the response. Analysis of intrusion-errors 
revealed that there is relatively more confusion between isolated items (of 
responses to them) than between crowded items (or rsponses to them). 


IMMEDIATE AND RESIDUAL FIGURAL AFTER-EFFECTS 
IN KINESTHESIS 


By R. ALLEN GARDNER, Quartermaster Research and Engineering Center, 
Natick, Massachusetts 


Most of the more careful studies of figural after-effects (FAE) have 
been concerned with transient changes, although the literature contains 
references to effects that persist for 25 hr. or more.’ Recently, Wertheimer 
and Leventhal demonstrated a residual after-effect in kinesthetic judgments 
that appears to cumulate over at least four sessions of satiation spaced at 
intervals of 24 hr In view of the lack of previous work on this topic and 
the relevance of such residual effects to the effects of distributed practice in 
motor learning,* the present experiment was designed to replicate and 
expand upon the work of Wertheimer and Leventhal by a somewhat more 
refined method. 


Apparatus. The standard and the variable were two pairs of metal disks, 2 cm. 
in diameter. They were so mounted that they represented the ends of two imaginary 
cylinders whose long axes lay on a common line which could be drawn parallel to 
the shoulders of S and 35 in. from the floor. The pairs of disks representing the 
standard and the variable were held simultancously between the thumb and index 
fingers of the left and right hands, respectively. The two thumb-disks were fixed 
30 cm. apart, while E could vary the length of either imaginary cylinder by moving 
the index-finger disks which were mounted on suitable slides. The index-finger 
disk of the variable also was coupled with an electric motor which S could operate 
by means of knee-switches. The switch operated by the left knee decreased and that 
operated by the right knee increased the length of the variable at the rate of 0.45 
mm. per sec. A Vernier scale permitted E to read the settings to the nearest 0.1 mm. 
S sat facing the apparatus at a distance which he found comfortable, thrusting his 
hands through holes in a curtain which prevented visual inspection of the disks. 

Procedure. Each S was tested five times at intervals of 24 hr. Each test consisted 
of 12 pre-satiational judgments and a single post-satiational judgment. The method of 
adjustment was used and the standard was set at 45 mm. for all judgments. For 


i * Received for publication March 3, 1960. The author is now at Wellesley Col- 
ege. . . net. Cs} 
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eure 69, 1956, 227-235; Peter a Figural after-effects, Brit J 

sychol., Monogr. Suppl, No. 31, 1958, 1-106. lees 

* Michael ik = Le M. fee oe fer ee 
with kinesthetic figural after-effects, J. exp. EsyeP0 at thetic 29 

* Duncan, a pe 227-235; Duncan, Visual an kinesthetic components of re 
active inhibition, this JOURNAL, 70, 1957, 616-619. 
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each of the pre-satiational judgments, E pre-set the variable by adding or subtracting 
6 mm., 8 mm., or 10 mm. to or from the last setting made by $ according to a 
predetermined sequence. The sequence of pre-settings was scrambled and changed 
each day with the restrictions that plus and minus pre-settings were in ABBA 
order and each of the six possible pre-settings was used once during the first six 
and once during the last six judgments. The first pre-setting on each day was plus 
for one half of the Ss and minus for the other half. On Day 1, each S made four 
Practice judgments and his setting for the last practice judgment was used to 
determine the pre-setting for his first experimental judgment. On cach succeeding 
day, the pre-setting for the first judgment was determined from the last pre-satia- 
tional judgment made on the preceding day. The pre-setting for the single post- 
Satiational judgment of each day was the median of the last six pre-satiational judg- 
ments made on that day. 

Design. There was an interval of 4 min. between the last pre-satiational judgment 
and the single post-satiational judgment, During this time, the two experimental 
groups held the standard and the variable between their fingers as if making a 
judgment, but the electric motor was off and neither the standard nor the variable 
could be changed in length by S. For Group E(+) the standard and variable 
Were set at 15 mm. and 75 mm., respectively. For Group E(—) these valves were 
reversed, while the Ss of Group C merely sat in their places for 4 min. with their 
hands removed from the apparatus. Each of the three major groups was divided into 
two equal sub-groups; a Massed sub-group that made each of the 12 pre-satiational 
judgments consecutively without interruption, and a Spaced sub-group that had @ 
2-min. rest between the sixth and the seventh judgments. 

Subjects. There were 60 Ss, divided equally among the groups and sub-groups 


of the experiment. They were enlisted men stationed at the US Army Garrison, Fort 
Devens, Massachusetts. 


Results. The Spaced and the Massed sub-groups were found to be in- 
distinguishable from each other on all of the measures, including the dif- 
ference between the first six and the second six pre-satiational judgements. 
The same was true of the sub-groups created by having half of the Ss 
begin their daily sessions with an ascending judgment and half with a 
descending judgment, Consequently, only the three major groups, E (+); 
E (—), and C, will be considered in the remaining discussion. 

On each day it was possible to estimate the point of subjective equality 
(PSE) either from the first six judgments, the second six judgments, of all 
of them. The three measures were very nearly identical, and the levels of 


significance of any tests were not substantially altered by choosing one or 


the other of them. For precision, the following conventions were adopted 
for estimating the immediate and the residual FAE. For each day, im- 
mediate FAE was taken as the difference between the mean of the last six 
pre-satiational judgments and the single-post satiational judgment. The 
residual FAE was estimated by the PSE obtained from the means of the 
first six pre-satiational judgments of each day. 


IMMEDIATE AND RESIDUAL nouti AFTER-EFFECTS a» 


The daily immediate FAE is plotted in Fig. 1 for the three major groups. 
For Group C, the average value of this measure for all five days was + 0.23 
mm., which is not significantly different from zero by the #-test. The dif- 
ferences between Group C and the two experimental groups on this meas- 
ure were +6.18 mm. for Group E(+) and —5.94 for Group E(—). By 
Tukey's test for multiple comparisons, Group E(+) and Group E(—) 


FAE IN mm. 


3 
DAYS 


Fic. 1. Inmepiate FAE 


(PSE is the mean of the last six pre-satiational judgments.) " 


were significantly different from each other and from Group C at the 5% 
level of confidence.‘ If the sign of the immediate FAE is reversed for Group 
E(—) to make comparison of absolute differences possible, the significance 
of the difference between the two experimental conditions vanishes. In Fig. 
1 it can be seen that the greatest discrepancy between Group E(+) and 
Group E(—) in their absolute difference from Group C occurred on Day 1. 
Accordingly, a separate t-test was made for Day 1, but this, too, failed to 
show significance. 

The daily residual FAE is plotted in Fig. 2 for the three groups. The 
slopes of these curves were estimated by computing regression-equations 
for the five days using the individual means of the first six pre-satiation 
judgments. The slopes were 1.77 for Group E(+), —0:35 for por 
E(—), and 0.20 for Group C. The slope for Group E(+) was signi- 
cantly different from zero with P < 0.001, but neither of the other two 


tG. W. Snedecor, Statistical Methods, 1956, 251-253. 
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slopes was significant. The slope of Group E(+) was significantly differ- 
ent from that of Group C with P < 0.003, but the slope of Group E(—) 
was not reliably different from that of Group C. 


GROUP E(+) 


CONTROLS 


PSE IN mm. 
> 
a 


GROUP E(-) 


41 
39 
— va 1 ee | 
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DAYS 


Fic. 2. RESIDUAL FAE as SHOWN BY SHIFT IN PSE 
(PSE is the mean of the first six pre-satiational judgments.) 


With a procedure very similar to that for Group E(+), Wertheimer 
and Leventhal used 114 in. (39 mm.) as a standard and satiated their Ss 
with lengths of 1⁄ in. (13 mm.) in the left hand, and 21⁄ in. (65 mm.) 
in the right hand. Wertheimer and Leventhal did not take a comparable 
measure of immediate FAE. For the residual FAE, as nearly as can be 
estimated from their Fig. 1, the increase in PSE that they obtained from 
Day 1 to Day 5 was between 7.0 and 7.2 mm. For Group E(+) in the 
Present experiment, the cumulative effect on PSE from Day 1 to Day 5 
was 7.2 mm. This would indicate that the various difference in procedure 
were negligible in their effects on the residual FAE. 

Discussion. The residual FAE of Group E(+) represents a clear con- 
firmation of the findings of Wertheimer and Leventhal for their similarly 
treated group. On the other hand, after equal but opposite satiation, Group 
E(—) showed equal but opposite immediate FAE with no detectable 
residual FAE. It is possible that the two conditions did differ in the amount 
of immediate FAE that was induced, but the measurable effects of satiation 
were at a maximum for both conditions when the immediate test was 
taken, A differential rate of decay such as that reported for visual FAE in 
—Ň 


Wertheimer and Leventhal, op. cit., “ae 


- 


IMMEDIATE AND RESIDUAL FIGURAL AFTER-EFFECTS 461 


Sagara and Oyama,* might then be used to account for the asymmetrical 
FAE found in the residual tests. Köhler and Dinnerstein point out that in 
kinesthesis, as in vision, the Kéhler-Wallach theory of FAE does not re- 
quire that symmetrical effects be found after equal but opposite procedures 
of satiation.” If the theory demanded either symmetrical or asymmetrical 
results on both the immediate and the residual tests, it would be contra- _ 
dicted by the present results; but, if both symmetry and asymmetry on 
either test can be compatible with the theory, then it is by no means con- 
firmed. Unless the differential conditions which yield now symmetrical and 
now asymmetrical FAE can be derived from the theory, its compatibility 
with the resufts both of Group E(+) and of Group E(—) merely serve 
to illustrate its invulnerability to empirical test. 

The literature for visual FAE also furnishes conflicting findings on the 
‘persistence of FAE. Recently, Sagara and Oyama reviewed Japanese work 
indicating dissipation within 2 min., while Mountjoy reports detectable 
residual effects after at least 24 hr.* Numerous differences in technique 
would account for the discrepancies among the previous findings, but the 
present experiment seems to indicate that it may not be safe to generalize 
a finding regarding the presence or absence of residual FAE from one l- 
figure to its mirror image. , r 

Summary. Each of 60 Ss made 13 kinesthetic judgments on each of five 
days. Between the 12th and the 13th judgments, Group E(+) was satiated 
for 4 min. in such a way as to induce overestimation of a 45-mm, standard, 
Group E(—) was satiated to induce underestimation, and Group c merely 
rested for 4 min. On each day, immediate FAE was taken as the difference 
between the 13th judgment and the mean of judgments 7-12. The residual 
FAE was taken as the daily shift in PSE as measured by the mean of 
judgments 1—6. On the immediate test, the judgments of Group E(+) and 
those of Group E(—) were significantly different from each other and 
from the post-rest judgments of Group C, but the absolute magnitudes of 
overestimation and underestimation were very nearly the same. Group 
E(+) showed a significant cumulative residual effect on each day, while 
Group E(—) showed no detectable residual effect at any time during the 
experiment, 


_*Moriji Sagara and Tadasu orara, P ei studies on figural after-effects 
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THE EFFECT OF AN INCREASED VERSUS A DECREASED 
REDUCTION IN SHOCK USED AS INCENTIVE 


By Epmunp S. Howe, University of Maryland School of Medicine 


According to Hull, the role of incentive (K) is that of increasing ot 
decreasing the reaction-potential, sEg. This implies that if the value of K 
be changed during performance of a well learned act, then sEg will change 
rapidly to a magnitude typical for behavior that had been reinforced from 
the outset with this new value of K. This deduction from Hull's theory 
has been explored employing the hunger drive and changes in the magni- 
tude of the food-incentive, but the deduction holds true only when the 
incentive is suddenly increased.2 When the amount of incentive is sud- 
denly decreased the ensuing value of sEp has repeatedly been found to be 
below the theoretically expected value, a phenomenon known as the 
“Crespi Depression Effect,” after the author who first systematically ob- 
served it 

The experiment reported here was designed to study the prediction 
from Hull's model when electric shock is the motivating agent, and varied 
amounts of reduction in the shock constitute the incentive, K, and hence 
the reinforcement for performance of an instrumental response. 


METHOD 


Subjects. The Ss were 13 Sprague-Dawley albino rats, approximately 110-130 
days old at the outset of the experiment. They were on ad libitum food and water, 
but all food was removed from the cages some 5 hr. before, and was returned to the 
cage 1 hr. after, each day's trials, 

Apparatus. The apparatus consisted of the electrified alley described in detail by 
Campbell and Kraeling. Shock was given through a 250,0009 resistance in series 
with S. The starting-box (12 in. long) and the center portion (36 in. long) were 
continuously electrified with 400 v. The goal-box (12 in. long) was continuously 


* Received for publication March 26, 1959. The study w formed while the 
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electrified with either 300 v, or 150 v., so that upon entering the goal-boa 5 em 
perienced a predetermined reduction in the strength of the shock. Running time 
was recorded on a Springheld timer which was set off by E's raising the door of the 
starting-box, and stopped by his pressing a toggle switch. 

Procedure. The S was placed facing in the direction of the goal-box on every 
trial. The door of the starting-box was then raised, automatically setting off the 
timer, When S passed under a marker on the plexiglass roof of the goal-box, the 
timer was stopped, and the door of the goal-box dropped behind him. The $ was 
then detained in the goal-box with some reduced drive-strength for 15 sec, before 
being removed to his cage. Each $ was given five trials at approximately LS-min, 
intervals, on each of six consecutive days. For the first four days (the pre-rbift 
phase) S was consistently given either a low reduction in shock (2#. low incentive) 
or a high reduction in shock (ñe. high incentive) upon entering the goal-box. 
During the last two days’ trials (the post-shift phase) the amount of reduction in 
shock in the goal-box was shifted either from the pre-shift low to a consistent 
post-shift high, or from pre-shift high to a consistent post-shift low. 

Experimental design. Seven of the 13 Ss were in the low and 6 were in the 
high incentive group during the pre-shift phase (Trials 1-20). During the post- 
shift phase (Trials 21-30) the amount of incentive was reversed for the two 
groups. We may thus refer to a low-high and a High-low group." 


RESULTS 
The mean running times, shown in Table I, are plotted in Fig, 1. Each 
value was obtained by finding first the median running time for each rat over 
a given five-trial block, and secondly, the mean of such medians for a 
given group of Ss over the same five-trial block, It will be observed that 
on the pre-shift trials the low-incentive group consistently ran more 


TABLE I 
Each entry is the mean of runn] recs over aparate blocks of five trials, 
Group pre-shift post-shift 
1-5 6-10 11-15 16-20 21-25 26-30 
kwn gk 


* The design does not include two control groups: one running the seg 
with the hich incentive, and the other running the entire series wo the peti 
Me fded. there were initially 16 Ss fe a design incidi Pia control m j 

nfortunately, one $ was inj in the alley, | ; These 
responses which enabled them to avoid shock in the starting-box. J E <4 pres 
ee discarded. The au at the sos ind arp rade 
sion that the Ss were performing asymp’ ned 
the TRDE Ss f: Serie. The results give no reason to believe that F's im 
Pression was incorrect. 
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Fic. 1. MEAN RUNNING TIMES OBTAINED FROM INDIVIDUAL Ss’ MEDIANS OVER 
Five-TRIAL BLOCKS. 


slowly than the high-incentive group. An analysis of variance was per- 
formed to estimate the reliability of this difference. Since there were sev- 
eral extremly erratic running times during the first five-trial block, the two 
groups were compared only over the last fifteen pre-shift trials. With the 
mean square among Ss in the same group as the error term, the F-value 
between groups is 16.46 (P < 0.01). Furthermore, the significantly longer 
mean running time of the low-incentive group persisted during the last 
pre-shift block of five trials (¢ = 3.27). These results are in accordance 
with the prediction yielded by a drive-reduction theory: that performance 
level is some positive function of the amount of drive reduction.® They 
also accord with the earlier findings of Campbell and Kraeling who, with 
a broader range of drive-intensities, established that “running speeds 


vary systematically with the amount of drive reduction, throughout train- 
ing as well as the limit of performance.” 


*N. E. Miller, Learnable drives and rewards, in S. S. Stevens (ed.), Handbook 
of Experimental Psychology, 1951, 435-472; Hull, op. cit, 5-6; John Dollard and 
N. E. Miller, Personality and Psychotherapy, 1950, 39-42. 

* Campbell and Kraeling, op. cit., 99, 
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There were no significant changes in running time during the last 
15 pre-shift trials, This suggests that the asymptotes of performance under 
the two incentive conditions had been reached. 

Turn now to the post-shift performance levels. It is evident from Fig. 1 
that the low-high group continued to perform at the same level even when 
the incentive was increased. No significant difference was found, so that 
it appears that introduction of a larger incentive does not rapidly evoke 
faster performance. The high-low group, on the other hand, shows a 
radical increase in running time after the introduction of a lower incen- 
tive. A comparison of running times of this group during the last block 
of pre-shift trials with the mean of individual median running times over 
the entire 10 post-shift trials, gave a t-value of 3.87. Finally, during the 
post-shift trials the high-low group increased its running time to approxi- 
mately that of the low-high group. The comparison of the two groups 
over the 10 post-shift trials yielded a t-value of only 0.28, failing to show 
a real difference. 

Discussion 

The results of this experiment are in sharp contrast with the findings 
of those who have worked with the effects of sudden changes in the 
food-incentive, The effect of decreasing the incentive in this study 
was to slow down the Ss’ rate of movement to a level which would be 
predicted from a model such as Hull's. It should be noted that there is 
no suggestion of a counterpart to the Crespi depression-effect, 

The finding that a low incentive followed by an abrupt change to a 
high incentive produces o decrease in running time does, however, pose 
a problem. The observed finding could not be explained in Hull's system 
by a difference in habit strength since Hull’s habit strength is a function of 
N, the number of trials, and not of the incentive.® The explanation might 
lie in some theoretical construct such as fear, which is commonly assum 
to accompany pain as a conditioned mediating reaction. Fear would be as- 
sumed some different function of shock than is the incentive, such that their 
combined effects predict the observed running times. 


SUMMARY 


Hull’s behavior theory predicts that if a change in K, the pei 
incentive, be introduced during asymptotic performance, sEp will rapidly 
assume a magnitude which would have been obtained had S been con- 


* Hull, op. cit., 6-7. 
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sistently exposed to this new value of K from the commencement of train- 
ing. The experiment reported here tested Hull's hypothesis under condi- 
tions in which electric shock is the measure of drive, and fixed reduction 
in shock constitutes the incentive. 

All the rats ran an electrified alley 5 ft. long under a 400-v. drive, and 
were then detained for 15 sec. in the goal-box. One half of the animals 
were given an immediate 100-v. reduction in shock (low incentive) and 
the other half an immediate 250-y. reduction in shock (high incentive), 
for the duration of confinement in the goal-box. After training, the in- 
centives were switched between the two groups of animals. The Ss for 
which the incentive decreased showed an increased running time to a 
magnitude predictable from Hull’s theory. The Ss for which the incentive 
increased, on the other hand, showed no decrease in running time over 
10 trials after the change in incentive had been introduced. 

It is hypothesized that the difference between these two outcomes is due 
to the conditioned mediating response of fear, and not to shock as such. 


THE ABSENCE OF PHANTOMS FOR CONGENITALLY 
MISSING LIMBS 


By MARIANNE L. SIMMEL, Brandeis University 


In his classical paper on the schema of the body, Pick discussed ampu- 
tation-phantoms, mentioning in that connection that there are no phantoms 
of congenitally missing extremities because the absent part has never been 
represented in the body scheme." This statement seems generally to have 
been accepted on a priori grounds, and it has been reiterated throughout the 
older literature on phantoms even though no systematic study of such pa- 
tients had ever been published, Pitres saw one case, as did several other 
authors.2 More recently, Browder and Gallagher examined a large group 
of patients, among them 13 patients with congenital absence of one or 
more limbs none of whom reported phantom-experiences of extremities 
missing since birth.* The present findings are presented as a further con- 
tribution to this problem.* 


Subjects. The Ss of this study were 27 patients with congenitally missing extrem- 
ities who came to the clinic to have artificial limbs prescribed or adjusted.* There 
were 13 men and boys, and 14 women and girls. Their ages ranged from 6 yt 
4 mo., to 34 yr, with a median age of 10 yr., 9 mo. at the time of the interview. 
To facilitate the fitting of prostheses, three of the patients had had some surgery 
of the stump. Table I gives the distribution of congenitally missing limbs in the 
27 patients. 


A EE z ers 
* Received for publication July 15, 1960, This report was prepared during 
tenure of a U. S. Public Health Service Special Research Fellowship Gener bd the 
National Institute of Mental ee A supplementary grant from Brandeis Univer- 
sity is acknowledged with gratitude. x r ee 

TE Pick, PRR des Bewusstseins vom eigenen Körper; Ein Beitrag aus 
der Kriegsmedizin, Neurol, Zentralbl, 34, 1915, 257-265. x hol 
2 A, Pitres, Etude sur les sensations illusoires des amputés, Ann. medico-psychol., 
5, 1897, 5-19. j : 
3J, Browder and J. P. Gallagher, Dorsal cordotomy for painful phantom limb, 
Ann. Surgery, 128, 1948, 456-469. 5 : 7 4 
Drelin inni? results of this study have been discussed in an earlier publication 
at L. Simmel, The conditions of occurrence of phantom limbs, Proc. Amer. Eon os. 
oc., 102, 1958, 492-500). ey 
"Originally there were 28 patients, but one was eliminated by reason 
defect. All patients were seen from 1956-58 in the bi-weekly Anpe, Clinic i 
rected by Dr. Claude N. Lambert of the Department of Orthopedic aas 
lege of Medicine, University of Illinois. The writer is indebted to De- 
for allowing her to participate in this clinic and to interview his ano atala 
€ Casual inquiry made of orthopedic surgeons, and one ologis 
thus far to yield any explanation of the high incidence of left-be ral 
which usually is attributed to ‘chance.’ Congenital absence of one or legs gen- 
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Procedure, The older patients were interviewed individually. Information about 
the younger patients was obtained largely by questioning relatives who accompanied 
the child to the clinic, supplemented by whatever the child himself could contribute. 
Each interview lasted from a few minutes to half an hour. Some patients were seen 
on repeated visits, others only once. 

The interviews themselves differed markedly from similar interviews with patients 
who have undergone amputation of a limb. Given the opportunity, most amputees 
will spontaneously report phantom-experiences. It was to be expected that this would 
not be true for the patients with congenitally missing limbs. The interviews with 
these patients began typically with a statement by E: “Some patients who have lost 
an arm or leg have told me that they still feel it. I wonder if you have ever felt 
your missing arm. Have you ever had any feeling of the hand or the fingers, just 
like you feel them on the other side?” Most of the patients and their relatives had 
heard about phantoms, be it from an acquaintance who had lost an extremity, or 
even from one of the amputee-patients in the waiting room, but many seemed not to 
have understood what it was all about. Irrespective of S's initial reply, E proceeded 
to ask in detail about feelings of the separate parts, phantom movement, incidents of 
pain or itching, and so forth. The suggestive character of this detailed inquiry is 


TABLE I 
DISTRIBUTION OF CONGENITALLY ABSENT EXTREMITIES IN 27 PATIENTS 
Fingers, Below Above Above 


en hand elbow elbow knee Total 
eft 2 13 2 0 17 
Right 3 3 1 0 7 
Bilateral 0 0 2 1 3 
Total 5 16 5 1 27 


obvious, but, for the purpose of this study, it seemed safer to err in this rather 
than in the opposite direction. In any case, as the results below will show, the Ss 
were not very suggestible. 


Special problems were, of course, encountered in the interviews with the patients 
who had ertremities missing bilaterally, insofar as these Ss lacked a meaningful 
comparison-object. Patients with unilateral absence of a limb do have the experi- 
ence of the normal body-part on the other side, and bilateral amputees can retro- 
spectively compare their present experience to what they remember from the time 


before amputation, No such comparison is available to the person who has lacked 
both arms or legs from birth. 


Results. Of the 27 patients, 25 insisted unequivocally that they had 
never experienced a phantom of the congenitally missing extremity. As 
mentioned before, even though many had heard about amputation- 
phantoms prior to the interview, they had remained puzzled. A consider- 
able number of intelligent and codperative patients appeared to have diffi- 


erally seems to be recognized as occurrin, 
: t ig much more rarel: an arms, 
but again the reason for the difference does not appear to Se e gm 
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culty in understanding the questions. A few immediately ‘explained’ that 
they had no phantoms because they had never had the limb, Many of the 
relatives of young patients came forth with the same explanation, These 
results support Pick’s contention that phantoms for congenitally-missing 
limbs are not experienced by the patients so affected. 

Only 2 of the 27 patients reported something other than an unquali- 
fied absence of phantoms for the congenitally missing extremity, although 
this is not to say they gave strong evidence of phantoms. Let the reader 
judge for himself. 


No. 404, Girl. b. 7/48, congenital absence of right forearm, below elbow. No sur- 
gery. Initial Interview 11/56. According to patient and intelligent father, there 
has never been any evidence of phantom-sensations. Child has never mentioned any 
feeling of the presence of the missing hand or fingers, has never complained of any 
pain, itching, or temperature-sensations in the absent parts. No erroneous attempts 
to grasp objects with right hand ever have been observed. Second Interview 2/58. 
On questioning, $ says she feels the fingers in the stump, but cannot tell which 
fingers she feels, cannot tell anything regarding their size, says she does not feel 
as if she could move them at will. Father does not believe that child feels 
fingers, thinks she was “giving the right answers.” Child has never mentioned any- 
thing like that at home. Details essentially as in initial interview. 


In the first interview, the child's report agrees with that of the other 
Ss in this group. Fifteen months later she apparently reports phantoms, 
although she is unable to give the usual details, One is inclined to agree 
with the father’s interpretation of the second report and to regard it as 
due to suggestive questions. 


No. 418. Girl, b. 9/47. Congenital hypoplasia of right hand, Rudimentary thumb 
present with some voluntary motion; other fingers absent. Apparently normal sensa- 
tion in thumb and hand-remnant. X-rays show seemingly normal metacarpal of 
thumb with a small nubbin of proximal phalanges; complete absence of phalanges 
of remaining fingers and shortening of residual metacarpals. Carpal bones and dis- 
tal radius and ulna normal. 8/56 plastic operation to increase useful motion of 
thumb. Interview 9/57. Some voluntary motion of residual bony structures within 
hand-remnant, especially on its ulnar aspect. During such movement patient says 
she “feels the little finger, like a real little finger, like the (normal) little finger 
on the other hand.” She is quite definite about this, says it is true only of the little 
finger, not of the others. Has never experienced any itching, pain, or the like, 
in this “little finger.” At the conclusion of the interview says, “I sometimes imagine 
the other fingers.” No repeat interview. No relative present. 


One should note at the outset this child’s distinction between “feeling 
the little finger” and “imagining the other fingers.” When adult amputees 
describe phantoms they report “feeling” the missing part as if it were still 
present; rarely, if ever, do they use the word “imagine.” In fact, one or 
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two Ss have, in the writer's experience, insisted emphatically that they 
were not imagining the missing extremity but that they fe/¢ it, even though 
they knew perfectly well that it was gone. It is hardly surprising that a 
little girl born without the fingers of one hand should at times “imagine” 
(make believe, day-dream) that she had a normal hand, What may be 
astonishing is that she so clearly differentiates between sensations and the 
results of her imagination. 

The “feeling of the little finger” on voluntary motion of the residual 
hand-bones sounds like a report of a bona fide phantom. If we accept it 
as such, we must look for its origin in contemporaneous processes rather 
than in past experience. Perhaps this phantom is an instance of Feldman’s 
“phantom rod.”? Feldman applied this term to the illusion created in 
Hoisington’s experiments by putting various pressures and counterpressures 
on a handle in the hand of the screened S.* Under those conditions, the 
Ss reported perceiving a rod extending from the handle behind the screen. 
Feldman attributes this illusion to the perceived motion, ż.e. the kinesthetic 
stimulation, 

Unfortunately, the motility of the several joints in the patient's hand- 
remnant was not examined in detail. From the protocols, it appears that 
voluntary movement was greater at the fifth carpal-metacarpal joint than at 
the others, and perhaps its excursion was even greater than that in the 
corresponding joint of the normal hand (due to the absence of tendons 
and ligaments). The kinesthetic stimulation resulting from such abnormally 
great excursion may possibly provide a sufficient condition for a ‘phantom 
rod’ which, under the special circumstances here, culminates in the ex- 
perience of a ‘phantom finger.’ 

Summary. Twenty-seven patients with congenitally-missing limbs were 
questioned regarding phantom-experiences, Twenty-five of the patients re- 
ported never to have experienced a phantom. Of the two exceptions, one re- 
port was of questionable reliability: the other report may have been of a 
true phantom based on a contemporaneous kinesthetic illusion. In general, 
the results support Pick’s classical statement that congenitally-missing €x- 
tremities do not give rise to phantoms. 


1S, Feldman, Phantom limbs, this JOURNAL, 53, 1940, 590-592. 


8L, B. Hoisington, On the non-visual i i thi 
JounNAt, 31, 1920, 114-146, perception of the length of lifted rods, this 


APPARATUS NOTES 


AN IMPROVED CIRCUIT FOR TIME-ON-TARGET AND INTEGRATED 
ERROR-SCORES IN CONTINUOUS TRACKING 


Time-on-target and integrated absolute error are commonly used indices of skill 
in continuous tracking, Since they frequently measure different aspects of the 
tracker’s behavior, it is often desirable to record both scores. Most circuits presently 
used to provide either or both of these measures have, however, certain defects 
which the circuit described here circumvents and moreover makes possible the 
economical recording of both scores. 

Typical of reasonably good, conventional scoring is the circuit employed by Gain 
and Fitts? A common characteristic of such circuits is the use of diodes in the in- 
put-stage to direct a voltage of correct polarity to the next stage. These diodes 
are inherently non-linear in the low-voltage section of their conductance curves, 
ie., output-voltage plotted against input-voltage. This non-linearity causes low- 
level input signals to be measured incorrectly, since these initially linear sig- 
nals appear non-linear in the output. Furthermore, diodes do conduct to some 
extent near absolute zero cross-over, and thus permit leakage-currents which 
tend to widen the zone where polarity is changing. In other words, when 
the diode is theoretically not conducting, it does pass unwanted currents owing 
to leakage. This becomes a serious problem at the extreme of a polarity be- 
cause, even though the leakage-voltage is small, when it is integrated over time to 
obtain an integrated absolute error, excessive imprecision results, Measurements of 
time-on-target are similarly complicated by non-linearity of diodes and by variations 
in diode-conduction because of fluctuations in temperature. ? 

With pc amplifiers and sensitive relays, a new circuit has been developed which 
eliminates the disadvantages described above. This circuit is shown in Fig. 1. It 
is simple, economical, and has proved highly stable and reliable. ; 

The absolute-error section consists of two high-gain amplifiers with a relay in 
the output which is in series with a diode. The first amplifier is operated ‘open 
loop,’ or with maximal gain consistent with stability. Should any low-frequency 0s- 
cillation or ‘motor boating’ arise, it is necessary to make a high-gain differentiator by 
using a 10,000-9 input and a 20-MQ feedback shunted by a 0.001-mfd. capacitor. 

With high-gain or open-loop operation, polarity-changes are sensed at the in- 
put as a function of the gain of the particular amplifier used in the circuit. Since 
average gains are on the order of 15,000-30,000, the amplifier will reverse output- 
polarity with a change in polarity of the input for input-voltages on the order of 
only 0.001 v. The output-stage has a diode to make the relay sensitive to polarity, 
but it is used only in the linear (high voltage) section of its conduction-curve. 


* This work was supported by a contract between the Office of Naval Research 
and the Electric Boat Division of General Dynamics Corporation: Wright 
‘Peter Gain and P. W. Fitts, A simplified electronic tracking APPA E 1959 
Air Development Center, Technical Report No. WADC TR-59-44, August, j 
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inverter. When polarity reverses, therefore, an absolute value of the input signal 
is obtained which is highly linear and uncontaminated by diode-leakage. It is now 
only necessary to direct the output of this stage to a third amplifier, used as an 
integrator, to obtain an accurate indication of integrated absolute error which may 
be read out on a good voltmeter. 


Fic. 1. SCORING CIRCUIT 


To obtain time-on-target measures, the signal from the absolute-error curcuit 
is summed with a reference-bias in another open-loop amplifier. This ampli- 
fier acts in the same fashion as the first one, except that the relay in its out- 
put switches an electric clutch on a timer which then indicates time within a spec- 
ified target-zone. The width of this zone is easily varied by adjusting a single po- 
tentiometer to change the reference-bias. Normal differences in ‘close-open’ current 
of the relays is immaterial, because they are in a circuit where the current is either 
off or fully on. 

Should amplifier-overload occur due to the resistance of the particular relay used, 
or because the amplifier is incapable of delivering current demand by the resistance 
of the relay-coil, a series resistor can be added to limit the current through the 
relay-coil to a safe value, The resistance chosen should be consistent with reliable 
operation of the relay. 

General Dynamics Corporation GEORGE SIMONEAU 

Groton, Connecticut 


NOTES AND DISCUSSIONS 


CONSTANT ERRORS IN THE MEASUREMENT OF 
KINESTHETIC FIGURAL AFTER-EFFECTS 


Wertheimer reported that during pre-stimulation trials in the test for 
kinesthetic figural after-effect his right-handed Ss overestimated the size 
of a test-block held between the fingers of the left hand.* He attributed 
his results to the underestimation of the width of the comparison-block 
held in the right dominant hand and noted that his results were in line 
with McPherson and Renfrew’ finding that, when physically equal, small 
metal circles are felt simultaneously by the two hands of a blindfolded 
S, the object held in the preferred hand is usually judged smaller.’ 

In an investigation into the effect of meprobamate on the kinesthetic 
figural after-affect, it was found that on the day on which a placebo was 
administered a test-block held in the right hand was overestimated during 
pre-stimulation trials. If Wertheimer’s interpretation of his results is 
correct, there should have been an underestimation of the test-block in 
the study of the effects of drugs since all the Ss were right-handed, 

In Wertheimer’s own study his left-handed Ss also overestimated the 
test-block held in the left dominant hand and underestimated the width 
of the comparison-block held in the right non-dominant hand. Wertheimer 
comments that the number of left-handed Ss was too small to provide 
adequate data to test the effect but the trend in the results is obviously in- 
consistent with his hypothesis that the important variable responsible for 
the constant errors is the dominance or non-dominance of the hand. 

Ít was thought that the results in the above studies were more in accord 
with the hypothesis that during pre-stimulation trials the width of a test- 
block is overestimated as compared with the width of a comparison-block. 
Whether or not the dominance oF non-dominance of the hand or the 
function of the block (test or comparison) is the important variable can 
only be adequately tested by giving the Ss trials with the test-block in 
the left hand and trials with the test-block in the right hand. This pro- 
Er measurement of figural after-effects, 


1 Michael Wertheimer, Constant errors in the 
this JOURNAL, 67, 1954, 543-550. ` > 

> A McPherson and S. Renfrew, Asymmetry of perception of ee eo the 
right and left hands in normal subjects, Quart. J. exp. Psychol., 5, 19 s TAT 
i C. G. Costello, The effects of meprobamate on kinesthetic figural after-€ i 
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S was blindfolded throughout the experiment. He was seated at a table on which 
were placed the test-block (1.5 in. in width) and the comparison-block, which was 
0.5 in. wide at the near end, increasing in width to 4 in. at the far end. The $ 
was requested to find the place on the comparison-block which felt just as wide 
as the test-block. Four estimates of the width of the test-block were made, $ being 
given alternate ascending (starting from the narrow end) and descending trials 
(starting at the wide end). After a rest-period of 1 min. the test-block and com- 
parison-block were switched over so as to be held by S's opposite hands, and four 
more estimates were made. The order of the position of the test-block (to S's right 
or to the left) was counterbalanced. 

A total of 18 Ss was used. They were all men and all right-handed. 

The results for the descending and ascending trials were analyzed sepa- 
rately since it was found in the study of the effects of drugs referred to 
above that there are important differences between the readings taken by 
the two methods. Taking the descending trials first, the mean estimate of 
the width of the test-block held in the right hand was 11.16 (these scores 
are arbitrary units along the comparison-scale, the point of objective 
equality to the test-block being 9.0). The difference between this value 
and physical equality (9.0) is highly significant by a ¢-test (¢ = 4.065, df. 
= 17, P<0,001). The mean estimate of the width of the test-block held 
in the left hand is 11.31. The difference between this value and physical 
equality is also highly significant (¢ = 6.251, df. = 17, P <0.001). The 
difference between the mean estimate when the test-block is in the right 
hand (11.16) is not significantly different from the mean estimate when 
the test-block is held in the left hand (11.31). 

The above results are clearly inconsistent with Wertheimer's hypothesis 
that the differences he found are related to handedness and are consistent 
with the writer's hypothesis that they are related to the function of the 
block. 

Wertheimer used both ascending and descending trials but did not 
analyze them separately.* In the present study, with readings taken on 
ascending trials, the mean estimate of the width of the test-block, when 
it is held in the right hand, is 8.175. The mean estimate when held in the 
left hand is 8.178. Neither of these mean estimates is significantly different 
from physical equality and they are not significantly different from one 
another. It would appear, then, that the constant errors that occur during 
pre-stimulation trials in the test for kinesthetic figural after-effect occur 
only on descending trials, że. when S is moving his hand from the wide 
end of the comparison-block to the narrow end. 


Institute of Psychiatry CHARLES G, COSTELLO 
University of London 


* Wertheimer, Personal communication. 
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A NOTE ON ‘ATTITUDE AND DIST. ‘ANCE-ESTIMATION AS 
VARIABLES IN SIZE-MATCHING’ 


Jenkin and Hyman, in a paper published in this JouRNAL, describe an 
experiment in which Ss made a series of size-matches with analytic and 
with objective instructions. For example, an adjustable comparison- 
triangle 30 ft. from $ was matched with a standard triangle 15 ft. away. 
The Ss also estimated the distance of the mounting-board when 30 ft. 
away. The inter-S correlations between these size-matches and distance- 
estimates are interpreted by the authors as reflecting the relationship be- 
tween judged size and estimated distance. Size-match is not, however, 
directly equivalent to judged size: this difficulty is discussed below, and 
an explanation of the correlations is suggested. 

Size-matches indicate relative perceived size. It would, therefore, have 
been appropriate to relate the size-matches to relative distance-judgments, 
as did Gruber. Alternatively, the perceived size of the nearer object may 
be assumed equal for all Ss. It then follows that the size-match settings 
of the comparison-triangle are such that its judged size is also equal for 
all Ss, From this it may be inferred that the median setting of the com- 
parison-triangle would be judged relatively small by an S who gave a large 
size-match, and large by one giving 2 small size-match. In this sense, s1ze- 
matches are the ‘reciprocal’ of judged size. : 

Thus, the direction of the correlation between size-match and esti- 
mated distance is opposite to that between judged size and estimated dis- 
tance, This relationship is not clearly stated in Jenkin and Hyman's paper, 
and the signs of the correlations are ambiguous. Jenkin elsewhere explains 
that the signs given in the paper refer to implicit judged size and not size- 
match.’ Therefore the statement on p. 76 of the report should read: 
“Hence individuals who make a judgment without attending to projective 


size and who form an impression of relative ‘farness tend also to respond 


-match| which is relatively small.” — 

Now if the interpretation of size-match in terms of judged size is 
accepted, Jenkin and Hyman’s results are important. For their size- 
distance correlations are non-linear and negative in direction with objec- 
tive instructions, while a linear positive correlation is predicted by the 
ommonly accepted hypothesis of invariance.* A small positive correlation 


i 

1 Noël Jenkin and Ray Hyman, Attitads. and distance-estimation as variables in 
size-matching, this JOURNAL, 72, 1959, 68-76. t 3 4 

= HE, Guha ie relation of perceived size to perceived distance, this JOURNAL, 
67, 1954, 411-26. 
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occurs only with analytic instructions. These results are supported by 
Gilinsky’s observation that perceived size varies with distance in the 
manner predicted by her formula (partially derived from the hypothesis 
of invariance) only with analytic instructions.® Similarly, Weckowicz has 
shown that schizophrenic patients, whose size-judgments are nearer the 
size of the visual-angle than normal Ss’, give a small positive correlation 
between ‘size-constancy’ and ‘distance-constancy."* 

An experiment by the writer. suggests that Jenkin and Hyman’s cor- 
relations result from Ss’ inferences, which in turn depend on their beliefs 
regarding the nature of the stimuli.” If two stimulus-objects are consid- 
ered to be of the same physical size, a negative size-distance association 
tends to result; otherwise, a positive association is found. These beliefs 
would presumably be held by Ss given objective instructions and analytic 
instructions respectively. Thus the positive and negative correlations in 
Jenkin and Hyman’s study may have arisen. It is interesting that Jenkin, 
too, concludes for quite different reasons that the way in which an ob- 
server ‘identifies’ even an unfamiliar stimulus-object may affect its judged 
size.® 

If the above suggestions are correct, Jenkin and Hyman’s data are sig- 
nificant in two respects. Further evidence is provided that the prediction of 
a positive linear correlation between perceived size and perceived distance 
does not hold for inter-§ correlations with constant stimulus-conditions; 
and that an observer's inferences may influence the size-distance relation- 
ship in unrestricted as well as reduced-cue conditions. 

Manchester University, England E. E. RUMP 


THIRTY-THIRD ANNUAL MEETING OF THE MID- 
WESTERN PSYCHOLOGICAL ASSOCIATION 


The Midwestern Psychological Association met at the Hotel Morrison, 


Chicago, on May 4, 5, and 6, 1961. George S. Speer, Illinois Institute of 
Technology, 


served as Convention Manager and chairman of the Local Ar- 
rangements Committee, The number of persons registered was 1,801. 
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The number of members newly elected or reinstated during the year was 
258, bringing the current membership to 2,461. 

The program, planned by a committee under the chairmanship of Willard 
A. Kerr, Illinois Institute of Technology, consisted of 187 volunteered papers 
presented in 27 sessions, 6 symposia, a workshop, and a program sponsored 
by Psi Chi which included 5 volunteered papers and an invited address. 

The paper reading sessions were concerned with: social psychology; psy- 
chopharmacology; verbal learning; perception; animal reinforcement condi- 
tions; personality assessment; higher processes; sensory processes; mathe- 
matical behavior models; brain functions; verbal behavior; animal learning; 
personality dynamics; comparative and genetic psychology; somatic varia- 
bles and learning; schizophrenia; attitudes and attitude change; human con- 
ditioning; engineering, personnel and training; animal motivation; early 
experience; psychodiagnostic testing; human motive-incentive conditions; 
and clinical psychology. 

Symposia and open meetings were concerned with: models and organic 
correlates of psychological processes; psychological inferences concerning 
organic brain damage; workshop for State Associations by APA Board of 
Professional Affairs; concepts in the experimental study of human motiva- 
tionmecurrent research on experimental gastric ulcer; action training tech- 
niques in industry; and the tole of the internship in predoctoral clinical train- 
ing. 

Marion E. Bunch, Washington University, delivered the Presidential Ad- 
dress, “Experimental extinction in learning and memory.” 

I. E. Farber, University of Iowa, was elected President, 1961-62, and 
Donald R. Meyer, Ohio State University, was elected Secretary-Treasurer, 
1961-64, Elected to the Council were: Edward L. Walker, University of 
Michigan, 1961-64; Ernest J: McCormick, Purdue University, 1961-63; and 
James M. Vanderplas, Washington University, 1961-62. i 

The 1962 meeting will be held May 3, 4, and 5 at the Hotel Morrison, 
Chicago. 


State University of Iowa I. E. FARBER 


BOOK REVIEWS 


Edited by T. A. RYAN, Cornell University 


The Psychology of Perception. By WiLriam N. Demser. New York, Henry Holt 
and Company, 1960. Pp. xi, 402. $6.50. 

Due to changing conceptual emphasis, perception has become a difficult area to 
delimit. Dember has written a text for an introductory college course in visual 
perception whose content ranges from a study of the simple psychophysical rela- 
tionships formerly considered under “sensation” to a study of psychological proc- 
esses highly motivational and cognitive in character. The author states that the 
purposes of the book are to acquaint the reader with the “principles that have 
emerged from the empirical investigation of perception” (p. 10) and “to expose 
problems in the hope that they will help stimulate future thinking and research” 
(p. 11). The book is written in a lucid straightforward style and lives up to the 
author’s aims in its discussion of particular topics. Due to an inadequate coverage 
of many of the major subjects in the field, and its failure to meet fully the basic 
problems of definition and approach posed by the subject material, the book does 
not however fulfill the author's aims in a wider sense. 

The topics covered and the chapters allotted to them are: three chapters discuss 
problems connected with psychophysical methods and their application to threshold- 
measurement and stimulus-scaling; one chapter examines some of the simpler 
relationships of visual psychophysics; two chapters are concerned with the organiza- 
tion and interaction of patterns of stimulation and examine such relational phenom- 
ena as visual organization, spatial perception, and sensory-motor interaction; one 
chapter examines the effects of learning on perception; two chapters review the 
findings concerning the effects of set and motivation on perception; and a final 
chapter looks at the act of perceiving from the point of view of being gratifying 
in its own right. It is in its discussion of selected topics in measurement, visual 
psychophysics, the effects of learning, and the motivation of perception that the 
book makes its most novel contribution as a text. Here Dember makes available to 
the undergraduate student an introduction to the work of Coombs, to that of 
Blackwell and his associates, to the studies on early and extra experience, and to 
studies on the reinforcing properties of perception. 

The book is least satisfying in its discussion of the classical problems of percep- 
tion set by Koffka’s question “Why do things look as they do?” A rewarding 
section of any introductory course is the discussion of the attributive and functional 
differences between the perception of color as a characteristic of light and color 
as a characteristic of surface. The simple notions brought from physics and too 
often from elementary psychology courses are here dispelled and the student intro- 
duced to the complex problems connected with the perception of surface and color. 
The perception of color is, only briefly discussed by Dember in connection with 
contrast, memory-color, and its disappearances in the Ganzfeld. Though Dember 
expresses his concern with the informational aspects of stimulation, his considera- 
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tions seem to have been primarily restricted to detection-theory. In discussing visual 
organization, the book simply lists and illustrates the Gestalt laws of organization. 
The recent studies of Hochberg and by Attneave in which the often equivocal 
Gestalt laws are formulated more precisely by viewing the organizational process as 
reflecting an economical description of the stimulus input are not mentioned. By 
failing to grapple with the problems of defining the stimulus, the perceptual re- 
sponse, and the nature of intervening mechanisms, the book also fails to acquaint 
the reader with the different general approachs to perception. In the discussion of 
space perception, for example, the contrasting views of Gibson and Brunswick 
concerning the perceptual process underlying an organism's relationship to its 
spatial environment are not introduced. The narrow approach of the book to the 
traditional problems of perception results in other major perceptual topics being 
inadequately treated, such as the perception of motion and the role of learning in 
the development of constancy. 

In summary, the value of this book is in making available to students a highly 
readable and superior introduction to selected problems. The failure, however, to 
treat adequately what to the reviewer are some of the central problems of perception 
strongly restricts its usefulness as a general text. 

University of Pennsylvania Jacos BECK 


Visual Field Defects after Penetrating Missile Wounds of the Brain. By HANS- 
LUKAS TEUBER, WILLIAM S. BATTERSBY, and Morris B. BENDER. Cambridge, 
Mass., published for The Commonwealth Fund by Harvard University Press, 1960. 
Pp. xi, 143, $4.75. 

This monograph is a summary of one portion of the results of a continuing re- 
search program on the after-effects of brain injury in man. In undertaking these 
studies, the authors have implicitly or explicitly set themselves three distinct tasks. 
The first task is that of developing methods for the detailed and reliable analysis of 
deficits in visual function. The second is the accumulation of a group of subjects 
and a body of data large enough and sufficiently homogeneous so that generaliza- 
tions may be made with some confidence. Finally, there is the task of relating the 
obtained results to the existing body of knowledge and theory as to the role of the 
geniculo-striate system in visual function, The author's have succeeded in all three 
tasks, 

These studies derive much of their value from the investigators’ basic assumption 
that “abnormal function after brain injury can and should be studied by methods 
drawn from psychophysics and comparative psychology.” They are further dis- 
tinguished by the care and ingenuity with which these methods are employed. The 
methodological considerations are important ones because of the limitations of 
clinical observation as a tool for the analysis of brain function. Thus, the primary 
meastites of visual field defects involve the perimetric and campimetric plotting of 
central and peripheral fields, and there has been much criticism of the reliability of 
these measures. In view of the fact that the perimetric data occupy almost the entire 
first half of the book, it is gratifying to note the authors’ concern with the methodo- 
logical problems involved, e.g. retest reliability, control of eye movements, etc. 
It is even more gratifying to note, in addition to the perimetric studies, the Bap 
sion of tests of flicker perimetry, dark adaptation, depth and motion perception an 
a number of tests of a more general perceptual nature. 
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The cases studied were drawn from a population of “previously healthy young 
adults.” The absence of complications arising from neoplastic diseases or vascular 
disturbances is an advantage, as is the fact that both acute and chronic cases were 
available for comparison. 

Two complementary bodies of data are presented. The first was obtained from 
the perimetric studies of field defects and is the basis for an exhaustive discussion 
of what James might have called “the varieties of scotomatous experiences.” The 
perimetric data are carefully analyzed with a view toward determining the extent 
to which the visual field defects conformed to existing concepts of topographical 
projection in the visual system. A number of revisions of these concepts are sug- 
gested. 

The second group of results comes from the study of what the authors term 
“functioning versus plotted fields.” These data indicates that the picture of visual 
deficits provided by perimetric data is an incomplete one. On the one hand, there 
appear to be various compensatory processes which make the ‘patients’ functioning 
fields seem wider than the perimetric fields.” On the other hand, there are “subtle but 
significant changes in other visual functions, even in those parts of the visual field 
which seemed intact according to the perimetric plot.” These data are the basis for 
perceptive discussions of the distinction between the projection of visual fields and 
the representation of various levels of visual function. There is a brief, though 
stimulating, discussion of the problem of the “agnosias” and the concept of the 
dissociation of “higher” and “lower” visual function. The interpretations through- 
out are advanced with caution, tempered as they are by the authors’ recognition of 
the one inevitable limitation of such studies—the absence of precise information 
as to the location and extent of the lesion. 

In the preface to this volume, Teuber acknowledges the group's indebtedness to 
the tradition exemplified by the work of Goldstein; Lashley, and Kliiver. The present 
monograph is a significant contribution to that tradition. 

Laboratory of Neurophysiology H. PHILIP ZEIGLER 
University of Wisconsin 
Physics and Medicine of the Atmosphere and Space. Edited by Oris O. BENSON, 


a rs HUBERTUS STRUGHOLD, John Wiley and Sons, Inc., 1960. Pp. xviii, 645. 
12.50. 


This book represents the proceedings of the Second International Symposium on 
the Physics and Medicine of the Atmosphere and Space held in 1958. The sym- 


posium was sponsored by the U.S. Air Force School of Aviation Medicine and 
was held in San Antonio, Texas. 


This conference followed the first Symposium by seven years. The papers of the 


first meeting were also published in book form (Physics and Medicine of the Upper 
Atmosphere, edited by Clayton S. White and Otis O. Benson, Jr., The University 
of New Mexico Press, 1952.) There are several elements of contrast between the 
contents of the two sessions. These reflect the advances in aeronautical and space 
vehicle capability achieved during that period of time. Also, they represent the cur- 
rent anticipatory thinking on man’s role in exploration of extraterrestial environ- 
ments. Thus, where the First Symposium dealt with the biological significance of the 
earth's upper atmosphere, much of the present work is dedicated to the interplane- 
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tary medium. Except when maneuvering near the earth's surface, the space vehicle 
is not subject to aerodynamic forces but to the laws of celestial mechanics. The 
velocities considered are those required to achieve insertion into orbit or escape. 
Consideration of the circumstances and “hazards” of space travel accounts for most 
of the Symposium. 

At the same time, the contents of the Symposium reflect the cross-discipline na- 
ture of the subject of Space Medicine. The broad aims of this field have come to 
be identified as divided between the preventive medical aspects of manned space 
operations and astrobiology—the study of life on other celestial bodies. The book 
contains two chapters on the knowledge of the physical environments of the moon 
and the planets and a single chapter concerning experimental work in astrobiology. 
‘The remainder of the Symposium deals with factors which are important in the de- 
sign of space “hardware” for manned operations and in the selection and training 
of the human operator. The advice of astrophysicists, physicians, physiologists, 
aeronautical engineers, and psychologists has been enlisted in this effort. The fol- 
lowing paragraphs deal with those sections with treat psychological problems in 
particular. 

Three chapters deal with the subject of nutrition of a human occupant during a 
space flight. Hans Clamann outlines the problems in human metabolism which may 
be expected in a closed ecological system. Robert Tischer and Jack Meyers discuss 
methods of providing nutrition during space voyages. However, there is no real 
discussion here of psychological aspects of space feeding. i 

Psychological problems concerned with man’s existence in a closed ecological 
system are treated by a group of authors. George Steinkamp describes the sealed 
cabin simulator used at the U.S. Air Force School of Aviation Medicine. George 
Hauty, one of his collaborators in this set of experiments, outlines three problem 
areas and describes the experimental results which his group obtained. He discusses 
behavior during sensory deprivation, efficiency of task performance with changes in 
24 hour work-rest cycles, and the general subject of skill fatigue. He suggests that 
this latter aspect may impose one of the greatest limitations on man $ useful im 
tioning in space vehicles. From the psychologist’s point of view, this, chapter as e 
interesting by his suggestions as to possible direction for future investigation. 


Heinrich Rose attempts some predictions as to what the human operator in 2 


i i ther objects in space and on planets beneath their 
space vehicle may perceive of other obj aS ee tight 


atmospheres. He attempts to illustrate the great limita 1 pict 
intensities and contrasts, the velocities of the objects to be perceived an ir sizes 
tended, Gerathewohl and Ward's chapter on weight- 


in terms of visual angles sub h : 
lessness serves to illustrate how little is really known of this subject. They have 


listed the results of the few studies performed. The chapter entitled evapo 
Aspects of Orbital Flight” serves to illustrate the wide variety of factors whic 
must be anticipated, depending 0” the nature of the mission planned. This Bi a 
general treatment of the subject covering a wide area of consideration. Finally, he 
speculative treatment of time dilation in vehicles which achieve relativistic velocities 
by Evan Goltra is interesting a$ it anticipates greater vehicle capability at some 


future date. 


5 [CFARLAND 
Harvard University Ross A. Mi 
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Rorschach Psychology. Edited by Maria A, RICKERS-OvSIANKINA. New York, 
John Wiley and Sons, Inc., 1960. Pp. xvi, 483. $8.50. 

This book of fourteen chapters, contributed by seventeen authors, will be of inter- 
est and value to the reasonably well advanced student of the Rorschach test. It is 
not intended, presumably, for the novice. Nor is it a volume for the experimentalist 
or other psychologist who has not had fairly extensive experience in the use of the 
Rorschach with a variety of subjects. Anyone who is to evaluate Rorschach psychol- 
ogy, as discussed in this volume, should have had practical experience with the test. 

The book, on the whole, is a healthy effort to relate Rorschach responses and their 
interpretation to some theoretical concepts such as figure-ground, Prägnanz, changes 
in perceptions under varied physiological conditions (e.g. anoxia). An effort is also 
made to relate Rorschach findings to motivational and general personality theory, 
and to developmental aspects of personality. 

The several authors make more or less valuable contributions to these and other 
topics; but they do not and cannot be expected to exploit them to their fullest 
within the scope of a single volume. For example, the development aspects of color 
responses are presented, but no attention is given to the psychophysical and the 
Psychophysiological problems of color vision. Too little attention is given to cul- 
tural factors and differences, as they affect responses; very little is said about the 
significance of differences in intelligence, as such, And, there is little systematic 
discussion of Rorschach responses as related to general theory of personality. 

The editor of the volume states that “Rorschach’s chief working principles” are 
to be examined “in the light of contemporary psychological knowledge.” It appears 
to me that this promise is not adequately fulfilled throughout the book, and that 
in too many of the chapters there is much more emphasis upon techniques than upon 

Psychological knowledge,” by which I assume theory and principles are meant. 

These deficiencies, however, are indications only of the fact that the editor and the 
authors had to make their choice of topics; and those omitted probably seemed to be 
among the less significant ones for their purposes. The absence of treatment of 
certain topics some of us would like to have discussed does not detract from the 
considerable value of that material which is presented, 

As is the case with all multi-authored books, 
or value. The introduction is followed by nine 
two on the test-pattern, one on reliability, 
appendix giving a tabular comparison of Scoring systems. In my opinion, the best 
bers fea ite most valuable chapters are these; “The Experience Type,” by 

ger; Hermann Rorschach and Personality Research,” by Lois and Gardner 
Murphy; Reliability Re-examined,” by J. D. Holzberg. The chapter which, it ap- 
pears to me, contributes least is the one on “Validity: The Search for a Constant in 
E Ss SAAS Harris, Jr. The writing in this chapter is ‘pre- 
> 3 rary effect,’ makes a number of irrelevant historical references, 
obfuscates by introducing unnecessary jargon, and tires this reviewer with its figura- 
BS language (e.g. “agents of justice,” “circumferential touches of global logic,” 
ameboid movements of the ink-blot Specialists,” “exhortations of reformers”—all 
on one page—"'the shadow of appeals,” “keys to the scientific kingdom,” “sacrificial 
commitment of the interpreter).” It is regrettable that validity, the most important 


the chapters are not of equal merit 
chapters on categories of analysis, 
and one on validity. There is also an 
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problem of Rorschach or in any other type of testing, has been dealt with as it has 
in this chapter, whereas clarification and lucidity are demanded. 

In their chapter, the Murphys write: “It is not because Rorschach devised a test 
that his position will remain revered [sic] in psychology; it is because his test is 
the embodiment of a sensitive, exploratory, original view of human individuality, 
unfinished but capable nevertheless of being measured, the measures interrelated, 
moment by moment, as the demands of life change. It is because the Rorschach test 
is the expression of a profound conception of personality that it is important in 
psychology today” (p. 347). It would have been fortunate if Professor Rickers- 
Ovsiankina had obtained this statement from the Murphys, to begin with, and had 
given it to the other contributors, to be used by them as the basic theme of the book. 
We might, then, have had a series of chapters of more nearly equal significance 
with regard to Rorschach psychology. As it is, however, this volume can be read 
with profit by those concerned with the utilization of the instrument, with research 
problems it has created, and with its probable contributions to psychology as a be- 
havioral science and a clinical profession. 

Cornell University FRANK S. FREEMAN 


Stuttering and Personality Dynamics: Play Therapy, Projection Therapy, and 
Counseling. By ALBERT T. Murpny and RutH M. FrrzSmmons. New York, The 
Ronald Press Company, 1960. Pp. vii, 519, 13 pl. $6.50. 

This book is a series of essays on various phases of stuttering. Each essay sets 
its own context. Very few sentences of any chapter of this book can be meaning- 
fully quoted alone. “Stuttering behavior is primarily a psychogenically motivated 
symptom which manifests itself most discernibly in oral functions” (p. 17), say 
the authors. The meaning of the term oral is left to context. ab 

Similarly context is required to give meaning to the statement: “Stuttering is 
one pattern of adjustment. It is the most effective adjusment possible for the 
individual at a given moment. It is deeply purposive” (P- 19). The same could 
be said about learning to engage in a perseverative game called patty cake. “Stut- 
tering can be defined [sic] as ‘what a person is” (p. 172). This sentence means 
nothing without context. i 

Even when the authors announce in italics that they are about to give us a soul- 
satisfying definition they say: “Stuttering is a learned, nonintegrative, selfdefen- 
sive reaction to anxiety or fear of threatening circumstances with which the per- 
son feels incapable of coping” (Pp: 145). So are many cases of alcoholism. Ap- 
parently the authors wrote this book in the process of a series of conferences 
with each other, on a basis of client-centered counseling, in which the clients did 
a lot of non-structured free associating. Putting together however, all of the 
fragmentary statements about stuttering, and gleaning from context a meaning bs 
each, the reader gets the notion that the authors believe that stuttering is a E 
turbance of oral communication caused by an uncomfortable social adjustment 0) 
the speaker to his auditor. “A constitutional factor in stuttering may oe a 
But beyond this verbal tip of the cap to the possibility of a somatic = ip 
book devotes it pages exclusively to the treatment of stuttering phenomena to Hee 
clearly psychodynamic point of view” (p. 45). This means, in short: jf or 
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stuttering is caused by morbid psychodynamics, then the cure of stuttering lies in 
correcting the dynamics. It means this, and no more. It means that if or when the 
automobile engine misses or stutters, due to stoppage of the fuel line, the solution 
of the problem is to remove the stoppage. “Clearly, therapy must be structured 
[sic] so as to cope with the range of verbal and nonverbal dynamics discussed, and 
although emphasis must be on speech therapy which is psychodynamically based and 
propelled, nevertheless there is a continuum of therapy procedures just as there is 
a personality-speech continuum of unique stuttering persons, many of whom will 
profit by more directive therapies than are considered in this book but which are 
available elsewhere” (p. 173). The reader of Stuttering and Personality Dynamics 
will therefore, look to Murphy and FitzSimons for help with the management of 
stutterers, only if he agrees with their statement in the preface: “We are convinced 
that stuttering speech is a symptom of deep-seated personal difficulties” (p. v). 

Even if the reader accepts this thesis, he may still find it difficult to draw from 
this book real, solid, practical help. The vagueness of exposition, alluded to above, 
may confuse the reader. A reflection of this vagueness is to be found in the index. 
Psychodynamics, a word used in the text, the heart of the discussion of stuttering, 
does not even appear in the index. The index is comprehensive enough, however, to 
include 18 columns of items, including anal phase of development, oral phase of 
development, castration anxiety, penis envy, conscience, and guess what!; but it 
omits the last word in the book's main title, dynamics, The book is clearly for those 
who are already sophisticates in the philosophy of Carl Rogers, and for those skilled 
in non-directive therapy. Others may find the book too vague and esoteric to be of 
much help with stuttering. 

Brooklyn College ROBERT West 


Tactics of Scientific Research: Evaluating Experimental Data in Psychology. By 
Murray SipMAN. New York, Basic Books, Inc., 1960. Pp. x, 428. $7.50. 


This book describes the method of research that has developed in the study of 
operant conditioning during the past few decades. The experimental examples are 
taken entirely from the area of animal psychology. It is clear, however, that Sid- 
man's intention is to convince the reader that this method is the paradigm of re- 
search in all fields of experimental psychology. 

: The central theme is that a lawful functional relation demonstrated in behavior is 
significant if found only in one subject and at a brief span of time. When a Newton 
demonstrates the law of gravitation with one metal ball, the importance of the experi- 
ment does not depend on numerous measures of the motion of that same ball, of many 


different balls, of different metals, and of variously shaped objects, etc., nor is con- 


fidence in the conclusions to be coaxed from any statistical manipulation of the data. 
When the psychologist attempts to 


: deal with variability by resorting to statistical 
analysis of group-data, he usually loses sight of the basic phenomenon which exists 
only in the behavior of individuals. The real spadework of research in psychology, 
as in other sciences, is controlling the sources of variability. 

Sidman subjects many “sacred cows” of 
ruthless criticism. The reviewer believes that this is quite timely, as psychology 
seems threatened with becoming lost in the wilderness of practical problems where 
it seems to be getting further and further away from the goal of scientific respect- 


present-day experimental psychology to 
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ability. The following is a partial listing of conventions criticized: (1) The use of 
separate group-means to establish a relation between behavior and an independent 
variable; (2) the stress placed on hypothesis or theory in the evaluation of data; 
(3) the preliminary nature of an ‘exploratory’ investigation; (4) the uncritical 
acceptance of the concept of intrinsic variability; and (5) the idea that logicians 
have developed a satisfactory set of rules for the designing of experiments. 

Considered in the book are the following topics: The basis for judging the im- 
portance of scientific data; problems of reliability and generality; replication; the 
nature of variability; and specific experimental designs, The designs and techniques 
described are pointed specifically at problems of the behavioral processes in individ- 
ual subjects, such as, the achieving of steady states, the handling of transitional 
states, the establishing of behavior baselines and techniques of control. The author 
makes it clear that problems of experimental design cannot be separated from the 
nature of the data being studied. His presentation is specifically oriented toward the 
area of operant conditioning, in which he has been one of the productive experi- 
menters. Little effort is made to develop analogues in other areas of psychological 
research, This is left as an implicit challenge to the readers who are working 
actively in other areas. 

Before he has read to the end of the first chapter, the reader will realize that this 
book does not belong with his other volumes on experimental design. It is pri- 
marily concerned with controlling the data and handling of the problems of research 
rather than with abstract mathematical and statistical procedures for extracting gen- 
eralizations from poorly controlled data. Sidman does not lay down a convenient set 
of rules which the student may follow blindly. He specifically denies that the 
logicians have as yet worked out a rationale for what productive psychologists do. 

Sidman has given us, not just another treatise on experimental design, but also a 
review of the results, with emphasis on their significance of much of the recent 
work on operant conditioning. The students of psychology who have not systemati- 
cally kept up with the fairly steady flow of reports should be grateful for this 
exposition; and those who read it will most likely be profoundly impressed with the 
prospect it unfolds. 


VA Hospital, Jefferson Barracks, Mo. Henry N. PETERS 


The Strategy of Conflict. By Tuomas C. SCHELLING. Cambridge, Harvard Uni- 
versity Press, 1960. Pp. vii, 309. $6.25. A 

Observing that “the military services, in contrast to almost any other table api 
respectable profession, have no identifiable academic counterpart” (p. 8), chel- 
ling suggests that the theory of games, broadly interpreted and extended a : 
variety of ways, may serve as the nucleus of such a scientific discipline. His Ae, 
is composed of ten loosely interlocked, slightly redundant essays, several of whic! 
have previously appeared as journal articles, and three appendices. His pen 
are theories of bargaining, threats, deterrence, tacit and explicit pepan 8 * 
the like, and applications to real conflicts, especially those having geopolitical an 
military significance. 

Schelling is perceptively critical of current formulations of ee eee oe 
ing (correctly, I believe) that its focus on the limiting case of two p Aes 
posed protagonists (zero-sum games) has Jed to misconceptions about the sign: 
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features of the much more common and important cases of mixed (or partial) con- 
flict. A number of failings are discussed in detail and are liberally illustrated by 
examples that range from the ‘warfare’ of discipline between parent and child, 
through the tacit and explicit agreements and use of threats inherent in driving an 
automobile, to the possibly parallel and much more serious notions involved in 
having and threatening to use military power. Just how parallel they are—to what 
extent governments and individuals can be usefully considered as theoretical enti- 
ties of the same sort—is often the crux in evaluating the significance of his ex- 
amples. 

To the psychologist, Schelling’s demonstrations that factors not now captured in 
the formal theories are important and sometimes controlling features of behavior 
Suggests a range of researchable problems not evident from the classical theory, and 
he reports results from a number of informal studies. These range from asking 
pairs of Ss to mame heads or tails independently, agreement resulting in a prize 
36 of 42 Ss chose heads), to extremely rich mixed conflict games (see the example 
discussed on pp. 102f.). What is not provided, however, is an adequate theoretical 
framework about which to organize and interpret such empirical work. His contri- 
bution is cogent criticism and indications of what is needed, but very little is really 
added to the theory. So, for a time, we may see developing what could easily be- 
come a sprawling empirical literature of isolated and special findings. 

To the citizen, the most fascinating feature of the book is Schelling’s analyses of 
such problems as limited war, surprise attack, and arms control. Here Schelling is 
in his element, seriously considering serious problems and, through a shrewd use of 
verbal reasoning, arriving at interesting and often Surprising insights and conclu- 
sions; and here is where the reader must be most wary. Following the traditions of 
military, economic, and political discussions, but incorporating recent insights into 
questions of strategy, these analyses treat in pathetically simple terms problems of 
enormous complexity and of, literally, human existence. This is no criticism of 
Schelling, for we have no better tools and so must use those we have, but the need 
is great to ferret out implicit assumptions and values, to question the simplifications 
made, to wonder about incomplete consideration of possibilities, and to be tuned for 
logical imperfections. Most such discussions of international conflict, including some 
of Schelling’s, seem to be infused with a form of rationalistic paranoia. Similarly, 
spare models approached with the same pristine logic seem to suggest that it is 
impossible for societies of largely unarmed people to form and be stable as well as 
to recommend that the best way to prevent the feared world holocaust may be to 
indulge in arms races and have high levels of arms, One wonders! 

University of Pennsylvania R. DUNCAN LUCE 


Visual Space Perception. By W. H. ITTELSON, 


New York, Spri Publishi 
Co., 1960, Pp. ix, 212. $6.00. a S R 


Ittelson presents what he designates as a “wide ranging” theory of perception in 
which some data from space perception are incidental but handy for illustration. The 
core of Ittelson’s transactionalism is the unconscious which creates the abstraction 
which he defines as perceiving, with the end product being, “the creation of cer- 
tainty out of uncertainty or probability” (p. 38). 


Ittelson proceeds to arm the unconscious with an “invariance hypothesis” as a 
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shield and with a sheaf of darts which he calls the visual space cues. With these 
weapons he marches through five chapters of hand picked data and numbers and 
emerges into special problems of perception, unscathed, without changing an issue, 
and with hardly the loss of a cue. 

He alleges that, “specifically, the invariance hypothesis states that with impinge- 
ment invariant, perception must necessarily be of one of the equivalent c ra- 
tions defined by that impingement” (p. 53). By impingement he means the light to 
one or both eyes and he leaves it to the reader to define “invariant.” This strong 
position is immediately vitiated by his own qualms when he states, “It is never 
safe to assume arbitrarily that any given perception falls within the limits of the 
invariance hypothesis” (p. 53). Ittelson's other weapon is the sheaf of cues found 
in any elementary textbook on psychology. He defends his choice by saying that they 
have basic validity and girds himself thus: “It seems unnecessary and, in fact, un- 
desirable to approach the study of space perception by any other road” (p. 43). In 
his chapters on cues of visual space he goes over each one in turn and finally real- 
izes his difficulties. “Cues enter into any concrete transaction in combination. An 
understanding of the visual space cues necessarily includes à study of these com- 
binations. Taken in its greatest generality, this is, at our present state of knowledge, 
an impossibly complex problem” (p. 51). 

Ittelson wraps up space perception in the heading, “From WHEATSTONE to 
AMES” (p. 111). He is obviously a disciple of Ames and dedicates his book to 
him. As might be expected, the principal questions of the disciple are those of his 
master: (1) “Given a particular impingement, what are the related physical con: 
figurations?” (p. 48); (2) “Given a perception what is the related physical world? 
(p. 113); (3) “Given a particular disparity, what is the accompanying arrange- 
ment?” (p. 113). These are venerable questions and it is easy to understand how 
Ames became fascinated by them. These questions in conjunction with bis nated 
tions while wearing aniseikonic glasses led Ames to the construction of his now 
famous illusion of the distorted room (etc.), Ittelson cloaks the study eM 
illusions in the dogma of transactionalism, with no predictive, functional inter- 
relationships between the dogma and the illusions. ; S 

Ittelson's scholarly housekeeping in Visual Space Perception leaves much to bs 
desired. The book is not a survey of the literature. There is no debate of the v 
ous theories of perception. The author chooses only the literature which he eels 
appropriate to his cause. None of his quotations are paginated. Repeatedly pear 
multiple authors in support of his arguments without specifying which o! a 
multiple works of individual authors he has in mind. To make matters worse he 
names authors and fails to include their works in his reference list. He repeatedly 
fails to cite the literature on which he bases many of his conclusions. An advanced 
graduate student would have difficulty in reading this book intelligently. In con- 
clusion, it seems fair to comment that publishers seldom publish term papers a 
professors seldom write term papers. This book is the unhappy consequence of suc 


a coincidence. 
Cornell University 
Decisions, Values, and Groups. Edited by DoroTHyY Fanie Ber ia 

Pergamon Press, 1960. Pp. xxix, 348. $12.50. 
This volume contains twenty-three reports 


Oum W. SMITH 


from the First Interdisciplinary Con- 
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ference in the Behavioral Science Division which was held at the University of 
New Mexico under the sponsorship of the Air Force Office of Scientific Research. 
In its Introduction, Anatol Rapaport presents the point of view that the three areas 
of research mentioned in the title of this book (decisions, values, and groups) are 
currently studied by people in a number of different academic disciplines, and 
therefore can be said to be interdisciplinary in the nature of their content. Actually, 
the book itself is divided into five sections which are not perfectly correlated with 
the three areas mentioned in its title, 

Section I is entitled “Mathematical models in decision processes.” Here are col- 
lected papers by Edwards, indicating some new directions of research on decision 
processes; by Brodbeck, discussing the application of mathematical models to the 
social sciences; by Scodel, Ratoosh, and Minas, reporting experimental results on 
some personality correlates of decision making under conditions of risk; by Rapa- 
port, Hays, and Birch, reporting findings in a study of individual styles of hy- 
pothesis-formation; and by Chipman, discussing a model of stochastic choice and 
subjective probability. Section II has the title, “Conceptualizations and designs for 
research in values and evaluative processes.” It begins with a paper by Travers, 
who proposes increasing use of the psychological laboratory in the study of indi- 
vidual differences. This is followed by reports by McCord and McCord, on the 
Structure of conscience; by Wertheimer, describing an approach to the study of 
“person cognition;” by Scott, who reports on some relationships between group 
interaction and personal values; and by Rose who describes briefly some findings on 
the organization of microcultures occurring in small groups. Part III is entitled 
‘Theoretical contributions to small group research.” Beginning with a discussion of 
methodology by Borgatta, this section continues with a paper discussing the rela- 
tionship between certain properties of biological systems and aggregates of persons 
by Campbell; a report of a study on seeking or avoiding self-evaluation by individ- 
uals in groups by Willerman, Lewit, and Tellegen; an experimental study of mes- 
sage communication by MacLay and Newman; a study of measuring individual 
Prominence in groups, by Shaw; and some findings on the effects of social support 
on the influence of Propaganda, by Brodbeck. Part IV concerns “Psychodynamic 
Patterns of behavior.” In this part, Gerard discusses some physiological parameters 
of the nervous system as determiners of behavior; Worchel presents a theory and 
experimental study of hostility; Charms and Rosenbaum discuss the effects of vi- 
carious experience in modifying behavior; Westley and Epstein describe methods 
for measuring the psycho-social organization of the family; and Zimmer and Foy 
provide a systematic account of depression and its determinants. A final section of 
the book, Part IV, is entitled “Special military problems.” Here one finds an article 
by Dailey concerning an analysis of motivation as revealed by reénlistment rates; 
and one by Campbell Summarizing physiological and psychological factors affecting 
manned space flight. 

Generally speaking, the ideas presented in this volume represent new directions 
of thought in psychology, and particularly in social psychology. The interested 
reader may expect to be stimulated to consider some new conceptualizations, rather 
than to find discussions which fit currently traditional molds. While these state- 
ments cannot apply to every one of the reports in the volume, they are applicable 
to most of them. Although there is little evidence here of the cross-fertilization 


ee 
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that is sometimes claimed for the “interdisciplinary” approach, these reports i- 
dence much originality. 
Princeton University Rosext M. Gacné 


Guidance of the Young Child. By Louise M. Lanororo. New York, Joha Wiley 
and Sons, 1960. Pp. vii, 349. $6.25. 

Here is a book which invites reading: it has excellent print and format, clear-cut 
organization and unusually attractive and appropriate photographs. The reading of 
this book, however, which was written by a teacher of child development in home 
economics education, brings disappointment. From the point of view of this re- 
viewer, there are two reasons for this. 

First, although the book is presumably focussed on the guidance of young chil- 
dren, the emphasis is much more on what children do than on bow children learn, 
and on what teachers should do rather than on the why or the bow of their doing. 
Even the chapter headings, except for Chapter 3, do not refer to guidance, This 


does not mean that there are no specific suggestions for guidance because there are 


the feelings of the child” (p. 144), or “look for underlying causes" (Pp. 131), 
without the background necessary to help the student learn how such difficult tasks 
may be done. 

Secondly, the developmental and psychological material is presented on a super- 
ficial level. There is no documentation of statements and little or no reference to the 
theories of specialists in the field. The list of readings at the close of each chapter 
is chosen from secondary sources, with the exception of a reference to a single 
research study at the end of a few chapters for “students who plan to do further 
study in child development.” The author states that this book is for beginning stu- 
dents and “is not intended as a detailed and scientific account of human develop- 
ment.” J 

A serious lack in this book, which was written primarily for college students is 
the failure to introduce the student to the Saree of child psychologists and cul- 
tural anthropologists. The lack of such stimulating materiais | s 
dependent pe the authority of the author, rather than with increased ability to 
which is the aim of education on the college level. 


F Ba 
read and judge for himsel fare than this book offers. 


Most beginning students could tackle with zest i ok off 

Thee at Ae statements in the book which are questionable, eg “a pert 
personality will be changing incessantly” (p. 28); ` children, in releasing their 
pent-up anger, may try to hurt inanimate objects. This is proof of the inpe 
attitudes that underlie many of their aggressive acts” Ap. 68); and the value o 
setting regular times when a lull in nursery school activity provides an opportunity 
for toileting” (p. 156). For the sake of brevity, I shall, however, comment posite 
her statement that “the major aim of guidance is to help children learn to 5 
happily with other people.” I would certainly agree that this is one ae part z 
the purpose of a teacher's guidance, but should we not add to this er F 
stimulating the perceptions of children and helping them in the E atit z 
understanding? A short paragraph on p- 126 plus a brief statement on PP- at 
is all that the author devotes to a discussion of mental development. It seems y 
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adequate to orient the student to the complexities of the young child’s mind as he 
strives to perceive and understand the cultural and physical world in which he 
lives. The area of perceiving and thinking is scarcely touched upon in this book. 
The author is at her best, it seems to me, when she discusses children’s play and 
the environment which the nursery school provides to stimulate and guide activities 
through creative materials, stories, music, and experiences in nature and science. The 
beginning teacher and the beginning mother will find many fruitful suggestions here. 
Stanford University Lois MEEK STOLZ 


The Psychology of Deafness. By HELMER R. MyKLeBUsT. New York, Grune and 
Stratton, 1960. Pp. xii, 393. $7.75. 

Rarely do we find a book on the sensorially-impaired that is of interest to the 
general psychologist. Most of the research effort in the field seems to have been 
expended on the practical problem of the assessment of behavior which is of con- 
cern primarily to the professional worker. The present volume on the psychology of 
deafness, however, does attempt to go beyond the presentation of empirical data to 
derive implications for general psychological functioning. By frequent reference to 
comparisons between the normal and the deaf and by partialling out the effects of sex, 
age, etiology, and duration of hearing, the author strives to reveal the basic ways in 
which hearing influences perceptual organization. At the same time, whenever feasi- 
ble, the implications for learning, education, and personality development are also 
presented. Nowhere is this better illustrated than in the chapter on mental develop- 
ment. Gross quantitative differences (or lack of differences) between normals and 
those whose hearing is impaired are probed for qualitative differences. The author is 
careful to point out the difficulties in drawing conclusions about the deaf based on 
tests standardized on hearing groups. 

Unfortunately, the problem of cross-validation is often ignored in the decisions 
concerning the significance of item analyses. Also simple #-tests on the mean differ- 
ences of subgroups are conducted without first demonstrating the significance of the 
overall F-ratio. Too much space is devoted to the results of psychometric and pro- 
jective tests, some of doubtful validity. For example, the analyses of the data on 
drawing tests take up 21 pages in the two chapters on mental and emotional devel- 
opment. The chapter on personality development relies too heavily on the results of 
the MMPI. Perhaps the emphasis in the book on test-methodology only reflects the 
characteristic preoccupation of investigators in the field. That nature has provided a 
laboratory for the study of sensory contributions to 
ignored. It is for this reason, perhaps, 
to experimental investigations, 


psychological processes is often 
that greater attention should have been given 
f i) Particularly in such areas as space perception, orien- 
tation, and cognitive processes, The paucity of experimental results, however, does 
not detract from the value of the book to workers in the field of audiology. The 
vast amount of research literature, simply and logically presented, covering almost 
all phases of the behavior of the deaf, will undoubtedly make the present volume a 
frequent source of reference: The brief introductory section describing the hearing 
mechanism and summarizing the definitions, types, and extent of deafness, however, 
could have been left out or more carefully Prepared. It is too elementary for “a text 
in advanced courses” and it often leads to Statements of doubtful accuracy (as in 
referring to the range of frequencies of 20-20,000 cycles to which Man can respond, 
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or to the five senses, or to the inability to stimulate the vestibular mechanism from 
outside the body). The importance of language in the deaf, both verbal and written, 
is carefully developed and will certainly prove of great interest not only to the 
teachers of the deaf but to those psychologists interested in the contributions of 
hearing to language development. The final chapters on other handicaps and special 
interests and aptitudes of the deaf, though not germane to the major topic, are 


welcome additions to the literature and might help stimulate more interest in these 


areas. 
University of Texas PHILIP WORCHEL 


Inner Conflict and Defense. By DaNtet R. MILLER and Guy E. SWANSON, in 
collaboration with WESLEY ALLINSMITH, ELTON B. McNett, and Beverty B. AL- 
LINSMITH, JUSTIN ARONFREED, BETTY J. BEARDSLEE, LEONARD M. Lansky. New 
York, Henry Holt and Company, 1960. Pp. x, 452. $6.95. 

Several related researches, all a part of a single program, are reported in this 
volume, That this program was not narrowly focused is indicated by the titles used 
for the three sections on results: moral standards, mechanisms of defense, and ex- 
pressive styles. There is a greater unity than these titles might immediately suggest, 
however; nearly everything in the book could be said to be related to conflict, and 
the research is all directed at understanding the effects of social structure on con- 
flict resolution in contemporary American society. 

The research deals only with one sex. The principal subjects were boys in the 
seventh to ninth grades. Studies involving sex identity required older subjects, and 
university students were used. The social structure variables were social class 
(middle vs. working) and type of social integration (entrepreneurial vs. bureau- 
cratic), Behavioral data were collected directly from the subjects; and information 
about child rearing, by interviews with the mothers of the boys. The behavioral 
variables are studied as a function of social structure, and the relation to child train- 
ing variables is studied by itself and as a function of social structure. — 

The book which results is indispensable for all scholars working on socialization, 
on personality development, and on dynamics of adjustment. The findings obtained 
and the methods used are relevant to many and sometimes discrete lines of inquiry 
on these general topics. As scholars in these fields are hardly in danger of remaining 
unaware of so distinguished a contribution, it is perhaps more important to say here 
also that parts of this book will be relevant to the special interests of psychologists 
in other fields as well. For example, any student of motivation will be interested in 
the use of short-term change scores on projective tests (after-arousal compared with 


before-arousal) as a measure of a long-term personality characteristic, and the sub- 


stantial evidence of special value in the use of such a measure. ‘The student of ae 
oni 


sonality structure will find a wealth of suggestions. Anyone interested in pers 
testing will find here new tests, and new light on the meaning of old tests. Even 
these statements, however, do not adequately indicate the great variety of points of 
view in behavioral science from which one or another part of this volume alters 


the present scene. 


Yale University IrvIN L. CHILD 
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F SPREAD OF EFFECT AS A FUNCTION OF TIME 


AND INTRASERIAL SIMILARITY 


By Leo PosTMAN, University of California, Berkeley 


Thorndike’s hypothesis that the spread of effect reflects the automatic 
action of reward has been seriously questioned. In his original report 
Thorndike had described a symmetrical gradient of repetition around the 
rewarded position? Later investigations have rarely found a significant 
fore-gradient. An after-gradient has usually been found but has been 
widely attributed to biases in the sequence of. S’s-responses.* According to 
that interpretation, the repetition of the rewarded response initiates a non- 
random sequence of further responses. Since the sequential dependencies 
between successive responses are less than perfect, a gradient of repetition 
following the rewarded response is generated. There is substantial in- 
dependent evidence for the operation of such sequential biases.* 

Two experimental findings appear to support the view that, in a “Thorndikian’ 
situation (e.g. when S guesses numbers in response to words), sequential biases 

first critical finding comes from experiments 


account for the spread of effect, The as i 
in which the positions of the stimuli were shifted between training and test, with 
ite of the shifts 


a only the serial positions of the rewarded pairs held constant, In spi 
J S 
É 
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* Received for publication May 12, 1960. This study was supported by a grant 
= the National Institute of Mental Health. The writer is grateful to Miss Polly 
is fi i 7 
EL Thorndike, An experimental study of rewards, Teach. Coll. Contr. Edut», 
No. 580, 1 , 7-56. . 
lO end F. D. Sheffield, Rehearsal and guessing f Ns of te 
‘spread of effect,’ J. exp. Psychol, 36, 1946, 316-330; kis iad mber- 
Cunningham, The guessing-sequence hypothesis, the ‘spread of effect, nul 
Buessing habits, jbid, 39, 1949, 158-168; M. H. Smith, Spre 368 
spurious result of non-random response tendencies, ibid., 39, 1949, 355-308. 
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Jenkins and Cunningham, op. Ci., 164-167; Sheffield, ‘Spread of effect’ wit 

teward or learning, i exp. bosychol, 39, 1949, 375-379; C. e Fagan, and 
A. J. North, A verification of the guessing sequence hypothesis abont lization 
effect, jbid, 41, 1951, 349-351; M. H. Marx and Ben Berns, toss, 49-64 
and reinforcement among responses to synonyms, J. gen. P. sychol., 52, 1955 A 
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in the positions of the stimuli, there was a gradient of repetition for the step- 
positions following the rewarded response. No clear after-gradient was found 
when repetitions were determined for specific stimulus-response pairs which had 
occurred at varying distances from the reward during training.’ Apart from some 
methodological questions which can be raised about these studies,® it is doubtful 
whether the procedure of shifting the positions of the stimuli permits an adequate 
analysis of the ‘Thorndike effect.’ The hypothesis at issue is that the effects of 
reward spread to neighboring, punished stimulus-response associations. For pur- 
poses of analysis, the term, stimulus, should refer not only to the item presented 
to $ but also to contextual features, notably the position of the item in the series. 
Thus, when the positions of the stimuli are shifted, each item on the test appears 
in a novel serial context, What is tested, then, is not repetition of a response to a 
recurrent stimulus-complex but rather generalization to a substantially changed 
stimulus-complex, Such a procedure may well be insensitive to spread of effect 
as originally described by Thorndike. 

A second finding apparently favorable to the ‘guessing-sequence’ hypothesis is 
the dependence of the after-gradient on repetition of the rewarded response.’ The 
sequence of non-random guesses is assumed to be anchored to the rewarded re- 
sponse and should not occur unless that response is repeated. Demonstrations of 
this relationship have not been conclusive. When the responses of all Ss are pooled 
and the gradients following repetition and non-repetition of the rewarded response 
are compared, it is probable that all Ss do not contribute equally to each of the 
two gradients." In a random sample of Ss there usually is considerable variation in 
speed of learning as measured by repetitions of the rewarded responses, Thus, fast 
learners necessarily contribute more than do slow learners to the gradient following 
repetition of the rewarded response; the converse is true for the gradient following 


correlated differences in the 
versely related to the amoun 
placed responses may reduce 
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sponses, i.e. with the effects of guessing-sequences held constant.’ Such evidence no 
longer permits the reduction of the spread of effect to the operation of sequential 
response-biases. 


The experiment reported in this paper was designed to re-assess the 
contribution of sequential biases to the spread of effect in a classical 
‘Thorndikian’ situation. The primary purpose of the study is to make an 
unbiased test of the alleged dependence of the after-gradient upon repeti- 
tion of the rewarded response. For purposes of manipulating the frequency 
of repetition of the rewarded response without recourse to selection of Ss, 
the spread of effect was measured immediately after the end of training and 
after an interval of time. The question was whether the forgetting of cor- 
rect responses in the rewarded positions would be accompanied by a pro- 
portional reduction in the after-gradient. In view of the probable inter- 
action between the effects of reward and the conditions of generalization 
within the series, the experiment was replicated with materials of high 
and low intraserial similarity. The finding of Duncan that gradients of 
repetition are influenced by intra-list similarity indicates that the condi- 
tions of stimulus-generalization should be considered in any general an- 
alysis of the determinants of the spread of effect.° 


METHOD 


Original learning. A series of 21 adjectives was presented to S who was in- 
structed to guess a number between 2 and 9 in response to each word. The stim- 
ulus-words were those used by Duncan. There were (a) a high-similarity list of 
synonymous adjectives, i.e. best, perfect, supreme, etc.; and (b) a low-similarity 
list of unrelated adjectives.” The responses in the 5th, 11th, and 17th positions 
were always called right, and all other responses were called wrong. Four different 
random orders were used equally often with each list. The following restrictions 
were used in the construction of the different orders: (a) no word occupied a re- 
warded position in more than one series; (b) no word occurred in the same posi- 
tion more than once; (c) the same four words were always used in the two 


initial and two terminal positions although their specific positions varied from 


series to series, Since five punished responses intervened between successive re- 
radient was limited to two 


wards, measurement of the fore-gradient and after-g: 
Positions each. 


positions each. «S\N eae ee ee 
3 i urther gradients of 
Marx, op. cit, 1957; M. H. Marx and F. E. Goodson, F 
error pe Bois following repeated reinforced responses, J. exp. Psychol, 51, 
1956, 421-428. 3 
"C P. Dunan, Stimulus-generalization and spread of effect, this JOURNAL, 64, 
1951, 585-590. ee E 
® Duncan, op. cit, 586. One word was added to each of Duncan's lisi 
words, rs tgs thar were two ‘buffer’ items both at the beginning and ed ae oe 
the series. The responses were restricted to the range 2-9 since the num rete 
10 appeared to have pre-experimental associations with the items in the hig 
Similarity list. 
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The stimulus-words were presented on a memory-drum at a 4-sec. rate. Each 
word was exposed for 2 sec., and S$ called out his response during that period 
During the remaining 2 sec. of the cycle, the word was covered by a shutter, and 
E made his announcement of ‘right’ or ‘wrong.’ Prior to presentation of the 
stimulus-list, $ practiced the procedure by calling out letters of the alphabet in 
response to a series of typed symbols. 

The instructions informed $ that the list would be presented more than once, 
and that he was to repeat responses which had been called right and to avoid 
repetition of responses which had been called wrong. The instructions also stated 
that more than one number might be correct in response to a given stimulus-word. 

Tests of retention. Four test-trials were given either 30 sec. or 20 min. after 


IMMEDIATE DELAYED 


© Low similarity 
Omm High similarity 


"ON 


Number of repetitions of rewarded responses 


Fic, 1. FREQUENCY OF REPETITIONS OF REWARDED 
RESPONSES AS A FUNCTION OF DISTANCE 
FROM CORRECT POSITION 


the end of the original training-trial. The procedure on the test-trials was exactly 
the same as on the training-trial. The interval between successive test-trials was 
4 sec. For the groups given a delayed test, the 20-min. interval was filled with 
practice on a pursuit-meter. 

Subjects. With two conditions Of intra-list similarity and two retention-intervals, 
the experimental design comprised 4 groups of 16 Ss each. Assignment to experi- 
mental groups was in blocks of 4 Ss, one to each of the combinations of intra-list 
PATER pi mood eee Te order of conditions within each successive 

was determined by a table of random numbers i f the 
different serial orders of each list. are eae 


RESULTS 


(1) Frequency of repetitions. AIl measures of repetition are based on 
the results of the first test-trial. The numbers of rewarded responses re- 
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peated are shown in Fig. 1 (Position R). The frequency of repetitions is 
approximately the same for the two conditions of intra-list similarity. 
There is a considerable and significant amount of forgetting of rewarded 
responses during the 20-min. interval (F = 13.97, df.=1 and 60, 
P < 0.01). The failure to find a difference in retention as a function 
of stimulus-similarity agrees with the results obtained in studies using 
the conventional method of paired-associate learning." For punished re- 
sponses (Fig. 2) there is no reliable drop in the number of repetitions 
after the 20-min, interval (F= 1.16). The apparent difference in the 
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— Low simitority 
Ceeseem High similarity 
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3 
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Fi. 2. FREQUENCY OF REPETITIONS OF RESPONSES AS A 
FUNCTION OF DISTANCE FROM REWARDED POSITION 


rate of forgetting for rewarded and punished responses is probabl: Fs on 
a matter of regression. Whatever the reasons for the reduction 0 Jay 
ference between Positions R and +1, the a an for re 

of non-random sequences of responses remain | e same. 

(2) Intra-list errors. Fig. 1 shows, in addition to the number of aa 
rect repetitions, the frequency with which the rewarded eae it 
in the two positions preceding and following ee S ere Poe ee = 
to the intra-list errors observed in serial ants re gs pie er- 
warded responses may be designated as anticipatory and perserta 

subjected to a Freeman-Tukey 


“Prior to analysis of variance, the scores were measures 
Square-root transferi EEA This transformation was used for all analyses of 


obtained on the first test-trial. f E 
”B, J, tudies of distributed practice: IX. Learning retention 
of paired meas ; fonction of intralist similarity, J. exp- Psychol., 45, 1953, 
143-149, 
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rors, respectively. Since we are concerned with differences as a function of 
position and intra-list similarity, the frequency of such errors to be expected 
by chance need not be considered. 

On the immediate test, misplaced repetitions of the rewarded response 
occur more frequently for the high-similarity than for the low-similarity 
list. Anticipatory errors are more numerous than perseverative errors. When 
intra-list similarity is high, both types of error describe a gradient; when 
intra-list similarity is low, there is a gradient only for anticipatory errors. 
The difference between the two lists is significant (F = 4.98, df, = 1 and 
30, 0.02 < P < 0.05), as is the variation among positions (F = 3.63, 
df. = 3 and 90, 0.02 < P < 0.05), but the interaction of position with 
intra-list similarity is not (F <1). On the delayed test, a symmetrical 
gradient is obtained with high intra-list similarity, but there is no indica- 
tion of a gradient when intra-list similarity is low. The differences as a 
function of position and intra-list similarity are not significant on the de- 
layed test. Neither of these variables, however, interacts significantly with 
time, że. there are no reliable differences between the immediate and de- 
layed tests. 

The ‘Thorndikian’ situation used in the Present experiment may be con- 
sidered an instance of paired-associate learning, with the serial positions of 
the pairs held constant. Under these conditions the occurrence of misplaced 
correct responses is to be expected, especially when intra-list similarity is 
high. The fact that anticipatory errors are more likely than perseverative 
errors is in keeping with the results obtained in serial learning. It is 
important to recognize the implications of these findings for the meas- 
urement of the spread of effect. Misplaced rewarded responses may com- 
pete effectively with punished responses in the positions surrounding the 
rewarded pair. To the extent that the misplaced repetitions of the re- 
warded response describe a gradient they may serve to mask the spread 
of effect. The results shown in Fig. 1 suggest that the competition between 
misplaced rewarded responses and punished responses (a) is a function 
of intra-list similarity, (b) is gteater in the positions preceding, than in 
the positions following, the reward, and (c) may be more effective in an 
immediate than in a delayed test. All the conditions favorable to such 
competition should be detrimental to the detection of the spread of effect. 

(3) Spread of effect. Evidence concerning the spread of effect will be 
considered under three headings: (a) after-gradients of repetition on the 

*See, for example, B. R. Bugelski, A remote association explanation of the rela- 


tive difficulty of learning nonsense syllables i ial li 
Aree syllables in a serial list, J. exp. Psychol, 40, 
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first test-trial, (b) fore-gradients of repetition on the first test-trial, and 
(c) variability of responses during the five trials. 

(a) After-gradients of repetition. As Fig. 2 shows, there is a clear after- 
gradient of repetition of errors on the immediate test under both condi- 
tions of similarity. For the difference between Positions +1 and +2, 
F = 4.62 (df, =1 and 30, 0.02 <P < 0.05). The results for the two 
lists are very much alike, ż.e. the pattern of repetitions is not influenced by 
intra-list similarity. On the delayed test, repetitions of the rewarded re- 
sponses decline drastically, so that there is little or no difference between 
Positions R and +1. Nevertheless, an after-gradient still appears to be 
present. Considered by itself, the after-gradient on the delayed test is not 
reliable (F = 1.83).1* Neither position nor similarity, however, interacts 
significantly with time (F <1 in both cases). Thus, the statistical tests 
point to an after-gradient which is not reduced significantly by the delay 
between training and test. Additional analysis of Ss’ response-sequences 
will serve to strengthen the conclusion that an after-gradient persists on the 
delayed test. : 

The results of the delayed test show that the after-gradient is not elimi- 
nated even when rewarded responses are repeated no more frequently 
than are errors in Position +1. This finding, obtained with unselected 
samples of Ss, indicates that the after-gradient is not contingent on the 
repetition of the rewarded response. The same conclusion is supported 
by an examination of the specific sequences of responses given by in- 
dividual Ss both on the immediate and the delayed test. For the ios 
positions, R, +1, and +2, there are eight possible sequences of repetitions 
and non-repetitions of responses. Table I shows for both tests the fre- 
quencies with which each of these sequences occurred, and the numbers 
of Ss contributing to each of these frequencies. The two sequences ae 
are critical for purposes of the present analysis are YYN and NYN. Bot 
sequences contribute to an after-gradient; the former is anchored ne ee 
peated rewarded response whereas the latter is not. On the ine test, 
the two sequences occur with about equal frequency. On the pee test, 
NYN is a more frequent sequence than is YYN. The results for t e two 
conditions of intra-list similarity are in close agreement. The findings are 


the repetitions were significantly greater in Positions T and 
positions 8, 14, and 20 which were three steps = 
included in the analysis of the gradients. 
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the same whether we consider the total frequencies of the sequences or the 
numbers of Ss contributing them. 

The shift on the delayed test in favor of class NYN undoubtedly re- 
flects the change in opportunities for the two kinds of sequences entailed 
by the drop in repetitions of rewarded responses. In fact, such a shift is 
implied by the persistence of the gradient in spite of a large drop in 
repetitions of rewarded responses. The important point is that sequences 
of the class NYN contribute equally with those of class YYN to the 
gradient on the immediate test and are primarily responsible for the 
gradient on the delayed test. Thus, analysis of the individual response- 


TABLE I 
DISTRIBUTION OF SEQUENCES OF REPETITIONS AND NON-REPETITIONS 
IN Positions R, +1 AND +2 
(Y= Yes= Repetition; N=No= Non-repetition; f= Frequency of sequence; 
Ga Number of Ss contributing each frequency. 


Immediate test Delayed test 
_ high low high low 
Sequence similarity similarity similarity similarity 
R+1+2 f Raia, lh Ss f Ss f Ss 
vey N 0 0 1 1 0 0 1 1 
PAFON ó 5 4 4 1 1 2 2 
ENY 2 2 2 2 0 0 2 2 
PN-N 16 9 19 13 11 9 6 6 
DAY 1 1 0 0 1 1 2 2 
NY N 5 5 ó ó Z 7 6 6 
NN Y 3 3 3 3 5 5 2 2 
N NN 15 10 13 9 23 13 27 15 


sequences yields no evidence for the dependence of the after-gradient on 
repetition of the rewarded response. It should also be noted that Table 
I provides no indication that repetitions in Position +2 are contingent on 
repetitions in Position +1, 

(b) Fore-gradients of repetition, As Fig. 2 shows, there is no fore- 
gradient of repetition of errors on the immediate test, In fact, the number 
of repetitions is somewhat higher in Position —2 than in Position —1. 
There are some slight indications of a fore-gradient on the delayed test, 
but the difference between positions does not approach statistical sig- 
nificance. The interaction of time with position is also not significant. 

The absence of a fore-gradient on the immediate test should be con- 
sidered in conjunction with the gradient of anticipatory errors shown in 
Fig. 1. To the extent that anticipatory repetitions of the rewarded response 


“Duncan (op. cit., 589) also failed to find such a dependent Hiationship. 


SPREAD OF EFFECT 501 


compete with the punished responses in Positions —1 and —2, a fore- 
gradient of repetition of errors may be masked. The fact that there is a 
tendency toward a reverse gradient agrees with this interpretation since 
the competition from anticipatory rewatded responses should be sub- 
stantially greater in Position —1 than in Position —2. On the delayed 
test, the gradient of anticipatory rewarded responses is reduced, and the 
reversal in the error-gradient is no longer present. While the data are con- 
sistent with this analysis, it is not possible to assert with any confidence 
that a fore-gradient of repetition of errors was, in fact, being masked by 
anticipatory repetitions of rewarded responses. It is useful to recognize, 
however, that anticipatory repetitions of the rewarded response complicate 
the measurement of the fore-gradient. 

(c) Gradients of variability. If there is a gradient of repetition of errors, 
the number of different responses given during a series of trials should 
vary inversely with the distance from the rewarded position, The number 
of different responses, which is an index of response-variability, has been 
shown to provide a sensitive measure of the spread of effect. Thus, in 
Duncan’s study this index yielded a significant fore-gradient under con- 
ditions of high intra-list similarity whereas the conventional measure of 
repetitions did not. As a measure of spread, the index of response-vatt- 
ability has the advantage of being based on a series of trials, Ze. it is likely 
to be more reliable than the number of repetitions on a single trial, In 
addition, a measure of response-variability will be sensitive to the gradient 
of ‘discontinuous’ repetitions of errors described by Marx and Bunch." 
These investigators reported that the tendency to repeat errors made more 
than one trial earlier was inversely related to distance from the rewarded 
position. It must be recognized, however, that the cumulative effects of as- 
sociative interference may serve to reduce the sensitivity of the index. 

Table II shows the mean numbers of different responses per step- 
position given during five trials (one original training-trial and four test- 
trials). In Position R, there is a significant increase in the number of differ- 
ent responses as a function of time (F = 9.17, df. ats and 60, P < 0.01). 
This increase in variability reflects the drop in repetitions of the rewarded 
responses after the 20-min. interval, The effects of the delay do not in- 
teract with intraserial similarity (F < 1). f 

As measured by the index of response-variability, there is an aie 
gradient which is equally steep on the delayed and immediate tests. An 


6 D E . F 5 i Y 
* M. H Mare p M É Bunch, New gradients of error reinforcement in multiple- 


choice human learning, J. exp. Psychol, 41, 1951, 93-104. 
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over-all analysis of variance shows the different between Positions +1 
and +2 to be highly significant (F = 8.30, df. = 1 and 60, P < 0.01). 
This difference interacts neither with time nor with intra-list similarity 
(F < 1 in both cases). This analysis provides strong support for the con- 
clusion reached earlier that the after-gradient persists on the delayed test, 
in spite of the substantial reduction in the repetition of rewarded re- 
sponses. The fact that the after-gradient of response-variability is as steep 
on the delayed test as it is on the immediate test is worthy of emphasis. 
The index of variability fails to produce clear evidence for > fore- 
gradient. The differences between Positions —1 and —2 are ne. .igible 
with one exception, viz, the delayed test of the group learning the high- 
similarity list. Analysis of variance shows that the differences on tiv im- 
mediate test do not approach significance. There are no significant inter- 


TABLE II 


Mean NUMBER or DIFFERENT RESPONSES PER STEP-POSITION 
GIVEN DURING Five TRIALS 


Step- Immediate test n Delayed test 
position high similarity low similarity igh similarit low similarit 
M SD M SD rig SD M SD 
-2 3.79 0.32 3.73 0.56 3.87 0.54 3.83 -0.35 
-1 3.71 0.45 3.79 0.47 3.58 0.47 3.81 0.41 
R 2:33: 0.73 2.16 0.62 Zit 0,55 2.71 0.62 
+1 3.56 0.69 3.56 0.45 3.60 0.42 3.54 0.40 
+2 3.733 0.44 3.85 0.48 3.81 0.45 3.85 0.52 


actions when the two tests are compared. Considered by itself, the fore- 
gradient on the delayed test for the high-similarity list is significant (¢ = 
2.48, df. = 15, 0.02 < P < 0.05). In view of the results of the analysis 
of variance, this single test must be interpreted with caution, It is im- 
portant to note, however, that the largest difference between Positions 
—1 and —2 is obtained under conditions which should be most favorable 
to the detection of a fore-gradient, i.e. (a) high intra-list similarity which 
is unfavorable to the discrimination of simulus-response sequences, and 
(b) a delayed test in which there is relatively little competition from mis- 
placed repetitions of the rewarded response, 


DISCUSSION 


Before discussing the general implications of the experiment, we shall 
briefly compare our findings with those of Duncan.18 Only the results of 
the immediate tests are relevant to this comparison since Duncan’s data 


* Duncan, op. cit., 585-590. 
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were obtained in eight consecutive trials, It should be noted, however, 
that even with respect to the immediate tests, there are several differences 
between Duncan's procedure and ours: (a) In the present experiment 
3/21 responses were called right and 4/20 in Duncan's. (b) In report- 
ing the frequency of repetitions, Duncan combined the results of seven 
test trials, counting as a repetition the occurrence of the same response on 
a pair of successive trials. We measured the gradient of repetition only on 
the first test-trial. (c) The rate of presentation was slower in the present 
study (4 sec.) than in Duncan's (3 sec.). 

The after-gradients in the present experiment are steeper and more 
clearly significant than those reported by Duncan, We find only a negligi- 
ble difference in after-gradients as a function of intra-list similarity where- 
as in the earlier study there was an indication of a gradient only when 
similarity was high. In full agreement with Duncan, we find that the 
after-gradient is not dependent on repetition of the rewarded response. 
The two studies also agree in not finding a significant fore-gradient of 
repetitions, The variability of responses proved to be a sensitive measure 
of the spread of effect in both experiments. In Duncan's study, the 
gradient of variability tended to be symmetrical. On the immediate test in 
the present experiment, only an after-gradient was found; a fore-gradient 
emerged on the delayed test. In Duncan's experiment, the variability of 
responses was sampled over a larger number of trials (eight) than in ours 
(five). Thus, the former provided a better opportunity to detect a fore- 
gradient of variability on an immediate test. In view of the differences in 
procedure and measures, the degree of agreement between the two experi- 
ments may be considered satisfactory. 

The single most important condusion which can be drawn from the 
present experiment is a negative one, Our results show clearly that the 
after-gradient of repetition is not contingent upon xepeution of the re- 
warded response. The absence of a contingent relationship is brought out 
by (a) analysis of the individual sequences of responses conn aa 
the after-gradients, and (b) the persistence of the gradients on the a 
layed test in spite of a sharp decline in the frequency of repeated ipa 
responses, The gradients based on frequency of repetitions on the firs 
test-trial and on inter-trial variability of responses are consistent. The per- 
sistence of the after-gradient during the temporal interval is pa out 
especially clearly by the index of variability. Thus, a critical imp pee 
of the guessing-sequence hypothesis is not supported by the facts. La 
sequential biases may contribute to the spread of effect, they cannot es r 
for it. This conclusion is in agreement with that of Marx who found tha 
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reward significantly enhances the after-gradient when guessing-sequences 
are controlled. 

Our analysis shows that there are gradients of repetition not only for 
errors but also for rewarded responses. Competition from misplaced re- 
warded responses may serve to reduce the repetition of errors. To the ex- 
tent that the two gradients are parallel each may be reduced. It is possible 
that high intra-list similarity did not produce a steeper after-gradient of 
errors than low intra-list similarity because the competing after-gradient of 
misplaced rewarded responses was higher and steeper under the former con- 
dition, This analysis also suggests that fore-gradients of repetition of errors 
may be more difficult to detect than after-gradients because they are more 
subject to competition from misplaced rewarded responses, 

The results of the experiment fail to support not only the guessing- 
sequence hypothesis but also the hypothesis of serial response-response re- 
inforcement which assumes dependence of the after-gradient on repetition 
of the rewarded response.* The data do not offer direct support to an 
alternative interpretation but are consistent with Thorndike’s hypothesis of 
automatic action of reward. The spread of effect cannot be dismissed as an 
artifact resulting from sequential tesponse-biases, The mechanism responsi- 
ble for the gradient of repetition of errors continues to pose a theoretical 
problem. 

SUMMARY 


This study has reéxamined the conditions determining the occurrence 
of the spread of effect in a ‘Thorndikian’ situation. According to the guess- 
ing-sequence hypothesis, the after-gradient is dependent on repetition of 
the rewarded response to which a non-random sequence of responses is an- 
chored. Much of the evidence in accord with this prediction has been ob- 
tained in situations differing from those used by Thorndike with respect 
to the conditions of training and reinforcement, In addition, tests of the 
dependence of the gradient on repetition of the rewarded response may 
have been biased by selection of Ss, since repetition of both rewarded re- 
sponses and errors may be a function of learning ability, 

To manipulate frequency of repetition of rewarded responses without 
selection of Ss, the spread of effect was measured for different groups im- 
mediately after the end of training and after an interval of 20 min. A 
typical “Thorndikian’ situation was used, in which Ss were differentially 
reinforced for guessing numbers to words, For purposes of assessing the 


” Marx, op. cit., 1957, 6 f.; Marx and Gi j E 
aee Ge oe, E ST oodson, op. cit., 424-425. 
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interaction between the effects of reward and the conditions of generaliza- 
tion, the experiment was replicated with materials of high and low in- 
traserial similarity. 

A significant after-gradient was found on the immediate test. This 
gradient, as measured by frequency of repetitions and by variability of 
responses, persisted on the delayed test in spite of a drastic drop in the 
repetition of rewarded responses. Analysis of individual sequences of 
responses also failed to provide evidence for dependence of the after- 
gradient on repetition of the rewarded response. There were no fore- 
gradient on the immediate test, and only inconclusive evidence for such 
gradients on the delayed test. The results did not vary significantly as a 
function of intra-list similarity. Gradients of misplaced rewarded responses 
may, however, mask the effects of intra-list similarity on the repetition of 
errors. There is also some evidence that competition from misplaced re- 
warded responses reduces the repetition of errors in the positions preced- 
ing reward. 

The results fail to support the guessing-sequence hypothesis and leave 
open the possibility that the spread of effect reflects the automatic action 
of rewards. 


ILLUSORY CHANGES IN REPEATED WORDS: DIFFERENCES 
BETWEEN YOUNG ADULTS AND THE AGED 


By RIcHARD M. Warren, National Institute of Mental Health 


If one listens to a recording of a word or phrase pronounced distinctly 
and repeated again and again, illusory changes occur. Warren and Gregory 
reported that the listener to this repetitive, unchanging stimulus seems to 
hear the voice shift suddenly to other words and phrases at frequent in- 
tervals.t These changes may involve considerable phonetic distortion. 

A more detailed investigation of this ‘verbal transformation’ was re- 

ported by Warren (Ss called out what they heard initially, and then called 
out each time they thought they heard a change in what the voice was 
saying during the 3-min. test-period).2 Verbal transformations were found 
for all repeating stimulus-words employed (which varied in complexity 
from “see,” with only two phonemes, up to short sentences, such as “Our 
side is right”). Responses were scored both in terms of numbers of transi- 
tions and numbers of different forms teported.* This scoring allowed a 
quantitative comparison of responses obtained under a variety of experi- 
mental conditions. The data obtained were limited to a group of young Ss 
—British Naval Ratings in their late ’teens or early twenties. 
The present study was undertaken to determine if age-differences exist 
in susceptibility to the verbal transformation effect. Such information might 
help in understanding the mechanisms underlying this illusion and also 
afford some insight into possible age-differences in perception. 


* Received for prior publication Ma: 5 
s Di y 26, 1961. I am indebted to Dr. Arnold D. 
Saes {or BOR a Ao some yA the aged Ss employed in this study. 
. M. nd R. L. Gregory, H A r 

Suhre, this JOUINAS T 1958 te n auditory analogue of the visual reversible 

°R., M. Warren, Illusory changes of distinct ition— l 
transformation effect, Brit, J. Pokial, 52, 1961, Senin ca cea ae 

„The number of transitions reported’ is not related directly to the number of 
different forms reported; as long as at least two forms are heard any number of 
transitions may be experienced, 
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spliced into a loop. Since a loop is not durable enough for long experimental use, 
it was played back on the Magnecorder by means of accessory equipment con- 
structed for the purpose. A plate containing a playback-head with the drive-capstan 
immediately adjacent was attached to the recorder. A second plate containing a 
roller grooved to fit the tape could be moved to keep the loop taut and running 
over the playback-head at constant tension. The distance from the playback-head 
to the roller could be adjusted to accommodate loops constructed from strips of 
tape from 5-30 in. long. 

The output from the playback of the loops was recorded on a reel of tape by a 
Tandberg Model 5 recorder. The output from a white-noise generator then was 
recorded on a second channel. These reels of tape with the voice on one channel 
and noise on another served as stimuli and were played back on the Tandberg. S 
listened through matched Permoflux PDR8 headphones fitted with large foam- 
rubber muffs to minimize external sounds. E could deliver the recorded voice to 
both phones, or the voice to one phone and white noise to the other. When one 


TABLE I 
MEAN NUMBER OF VERBAL TRANSFORMATIONS DURING 3 Mn. 
Transitions different forms 
Repeating Repetitions: == a 
stimulus 62-86 yr. 18-25 yr. 62-86 yr. 18-25 yr. 
1. Tress 360 4.3 22.8 2.3 5.5 
2. See 390 4.7 35.8 22 5.4 
3. Flime (nonsense) 330 6.6 32.4 3.5 7.9 
4. Police 338 5.8 33.9 2.2 5.4 
5. Trice 320 6.5 29.4 3.0 6.5 
6. Our cider’s ripe 116 1.8 11.6 ET zor 


ear was receiving the voice and the other noise, the two stimuli could be switched 
to the opposite phones by E, instantly reversing the roles of the two ears. > 
Subjects. The group of young Ss consisted of 16 men and 4 women, all Junior 
College students from 18-25 yr. old. The group of aged Ss consisted of 16 men 
and 4 women from 62-86 yr. old. Most of the aged Ss were retired professional 
men, who had been employed in the United States Civil Service, and their wives. 
Instructions. The following typewritten instructions were read by all Ss: 


T ii i After you call 
Tell me what the voice seems to be saying as soon as you can. 

listening carefully. If you think you hear a change 
out the word or words, keep ba i oe ae at once. Don't worry about whether you 


to different words, call out wh a i 
are right or not—what I want to know is what the words seem like to you under 


these special conditions. 5 
Dont forget D call out immediately every time you hera chops pager 
something new, or whether the change is back to some words you called ou j 


Procedure. After the Ss read the instructions, the headphones were put on and 


adjusted to fit properly. The six stimulus-words—five meaningful and one nonsensi- 


cal—employed are listed in Table I in the order presented. Half the Ss (aa 
and 2 women in each group) heard the stimulus-series under binaural coni re: 
first. The other 10 Ss in each age-group ran through the series monaurally t, 
the ear not receiving the voice. For monaural listen- 
ing, after 90 sec. the two sound channels were interchanged, each ear receiving 
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the voice for half the 3-min. test and noise for the other half of the test. The voice 
was presented at a peak intensity-level of 80 db. and the noise at an intensity-level 
of 83 db. (Measurements were made with a General Radio Sound Level Meter, 
Type 1551A, using flat weighting and fast response.) In the binaural series, each 
ear received the voice at 80 db. for the entire 3-min. test. The stimuli for each 
presentation increased from 0 to the test-level in 1 sec. 

The $ called out what he was hearing as soon as he could, and then called each 
change in what the voice seemed to be saying as soon as it occurred. E recorded 
each response on a sheet of paper divided into separate blocks for each 2.5 sec. 
of the 3-min. test. After the stimulus was shut off, S was given a sheet of paper 
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Fic. 1. AVERAGE NuMBER oF ILLUSORY TRANSITIONS REPORTED 
DURING SUCCESSIVE 30-SEC. INTERVALS 


on which he wrote down all the words he could remember having heard. This list 
was checked against the record transcribed by E to ensure that the responses were 
being interpreted correctly. 

It took about 45 min. to comp. 
rest-interval of 45 min. in which ti 
by presentation of the second 
monaural series, 


lete the first series presented to S. There was a 
he $ engaged in activities of his choice, followed 
Seties—each $ receiving one binaural and one 


RESULTS 


Responses to the individual stimulus-tapes. Table 1 shows the stimuli 
used in order of presentation, and the number of times each was repeated 


during the 3-min. test-period. The average number of transitions and 
different forms reported by each age- 


and binaural data are combined since, 
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ported more different forms, more than twice as many with most stimuli. 
While not indicated by Table I, there was in addition a rather marked 
difference in the way changes occurred for the two groups. Younger Ss 
typically heard abrupt changes from one repetition to the next. With older 
Ss, changes may take place gradually during several repetitions. 
Monaural vs. binaural listening. The number of transitions reported 
with monaural listening tends to be slightly less than with binaural listen- 
ing for both age-groups, but the difference is not significant for either 


Tv re T 
N 
W i aS Age Monaural Binaural 
g zp 62-86 * o 
a 18-25 ê 
SAGA 
5 a Ioj 
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TEST INTERVAL (Seconds) 


Fic. 2. AVERAGE NUMBER OF CHANGES TO A PREVIOUSLY UNREPORTED 
FORM DURING SUCCESSIVE 30-SEC. INTERVALS 

group. The frequency of monaural and binaural transition (data averaged 
for all 6 stimuli) during each of the successive 30-sec. intervals is 
plotted in Fig. 1. ; 

The average number of changes to new forms during each 30-sec, 1n- 
terval is shown in Fig. 2. It can be seen that the numbers of new forms 
for binaural and monaural listening are equivalent except for the marked 
increase immediately following the monaural shift in ears (at 90 sec.) 
for the older group. ; ee a y 

Changes in rate and variety of verbal transformations with stimulation- 
time. It can be seen from Fig. 1 that the frequency of transition stayed 
at a constant level for the aged during the 3 min. test, The frequency 
was much higher for the young group, and, except for the first 30-sec. 
interval, was approximately constant throughout the entire test. One 
reason for this low score in the first 30 sec. is that the first response was 
not counted as a transition (as were all subsequent responses), and $ of 
necessity spends some time hearing this initial organization of speech 
sounds before experiencing 2 transition. $ i A 

As shown in Fig. 2, the frequencies with which new forms were ca 
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out decreased rapidly at first and then leveled off to a constant rate by 
90 sec. (except for a transient increase following the shift in ears during 
monaural stimulation of the aged group). 


AGE 
62-86 YRS. 


18- 25 vas 


RELATIVE FREQUENCY 


Y 
o I 2-3 44-7 8-IS 16-31 32-63 64-127 
TRANSITIONS REPORTED DURING 3 MINUTE TEST 


Fic. 3. DISTRIBUTION OF SCORES FOR TRANSITIONS 


RELATIVE FREQUENCY 


2 3-4 5-8 9-16 17-32 
MS REPORTED DURING 3-MINUTE TEST 


DIFFERENT FOR 


Fic. 4. DISTRIBUTION OF SCORES FOR NUMBERS or DIFFERENT FORMS 


Distribution of scores. The distribution of scores for transitions heard 
during the 3-min. tests is shown in Fig. 3. For the older group, almost 
half the tests involved no changes at all—Ss hearing the same word 
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throughout the 3 min. It can be seen that the behavior of the younger 
group was quite different, the frequency of responses rising to a maximum 
for the interval representing 16-31 transitions in 3 min. 

Fig. 4 shows the distribution of scores for numbers of different forms. 
For almost half the stimuli presented to the older group, no changes 
were reported, only one form being heard. For the older group, the fre- 
quency of occurrence of scores drops for the higher score-intervals, but 
for the younger group, the frequency rises to a maximum for the interval 
from 5-8 different forms in 3 min. 

Accuracy of stimulus-identification. In addition to differences in fre- 
quency and in variety of verbal transformations, the two age-groups dif 
fered in their ability to identify the stimulus-words correctly. The older 


TABLE II 
FREQUENCY OF USAGE AND CORRECT IDENTIFICATION OF Srmrucus-Worps 
Percentage 

Frequenc: 

Word of aaa correct reports time word heard correctly 
er million 

k words 62-86 yr. 18-25 yr. 62-86 yr. 18-25 yr. 
See >1000 100 100 84 46 
Police 70 100 100 74 45 
Tress 2 90 95 77 50 
Trice 1 75 100 66 46 
Flime 0 30 85 52 29 


group's ability to identify a stimulus-word properly was a function of its 
frequency of occurrence in English, while the younger group’s identifica- 
tions were influenced much less by familiarity with the stimulus-word. 
Table II lists the single words employed as stimuli in order of frequency 
of usage (based on the Thorndike and Lorge word count). This table 
shows that all the older Ss identified the two most common stimulus- 
words properly at sometime during binaural or monaural stimulation, but 
that correct identification decreased with the less familiar words, Only 
30% of the older group heard the nonsense-word (flime) correctly. 
Among the younger Ss, practically all managed to identify the real Eng- 
lish words properly during the 3-min, tests. Even the nonsense-word was 
identified by 85% of the younger group. ie i ; 
Table II also shows the percentage of stimulation-time during which 
the word was heard correctly by those Ss reporting it. For each stimulus- 


*E. L. Thorndike and Irving Lorge, The Teacher's Word Book of 30,000 Words, 


1944, 
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centage of the time than did the younger Ss; there was a general ten 
ency for the perception of less familiar words to be maintained for 
smaller percentage of time by the older Ss. With the younger group, all 
English words were heard correctly about half the total time. Thus, the 


TABLE IL 

Reports WHILE LISTENING To SINGLE REPEATED Worps , 
(The total number of forms reported is given for each stimulus-word followed by all 
forms reported by more than one S, the number reporting each form given in the p < 
ceding parentheses.) 

TRESS 

YOUNG: (72 forms). (19) tress; (11) ; (9) terez; (8) trez; (7) ; (ī)s 
*(7) trat (5) dress; ® traed; @ tourist; Gree. D trea) terass; 


touress; (2) tred; (2) tresh; (2) trust. 
OLD: (39 maT 18) tress; (4) tressed; (3) dress; (2) rest-tress; (2) trash; (2) t 
à SEE 
+ ( 
(2) 


). ( 
(2) truss; trust. 

YOUNG: (73 . (20) see; (9) seeing; (8) pea; (6) th iced “th’}; (5 
(§) tea; i fees O) der iese; È Eae 0 paced ali o 
see-ink; (2 nent (2) ; (2) tea-see; i 

OLD: (26 forms). (20) see; (3) three; (2) fee; (2) pea; (2) see-seed; (2) tea; (2) te 

YOUNG: (158 f inven 

+ (158 forms). (17) flime; (10) fly-’em; (8) fly; (7) slime; (6) climb; (6) fly-in; 
i G Dine) plime; (tenes) tne: (ayers (9 md: Go bing 
fiy-in-flime; (2) flyumf; (2) fulime; (2) imply; (2) pline; (2) sly; 

OLD: (65 7 ; (8) slide; (7) fly; (6) flime; (6) flying; ime; imb; 
D Á T a ae ) A monn (6) flying; (6) slime; (4) climb; 

YOUNG: (77 forms). (20) aT : 

a forms). (20) 5 (15) ; (10) pleece; (10 -eece; (5 cece; 
4) police please: a) pulleys K a polie; (2) ayes; poyees O bons 


OLD: ( @ mae police; (i plese; A piae poe (2) peace-police; (2) police- 


TRICE 
YOUNG: (101 forms). 20) trice; (9) tries; (7 price; (7) twice; iced; 
g trys (0 che d ei ey on i) Ravers (7) yen ©, abe S a 
tre ih a ) To (2) Noe (2) thrice-twice; (2) trice-tries; 
ies, O tapes) une Gh enseg (S) twices U) tgiced; (8) tries; () trie 
triced; O E kE ri tries-twice: (2) tribes aD See Ci a 


most common word (see) and the least common English word (érice) 
were each heard 46% of the time. Only in the case of the nonsense-word 
flime does a clear difference appear (a drop to 29%). p’ 

Responses involving nonsense-words. The tendency of the older Ss to 


ILLUSORY CHANGES IN REPEATED WORDS Site 


or more Ss of the younger group and by two or more Ss of the older 
group. Conventional spelling is employed for the real English words, and 
the nonsense-responses are indicated by spelling chosen to afford a non- 
ambiguous version of the phonemes, It can be seen that many of the 
forms listed for the younger group involve nonsense-words. On the 
other hand, the only nonsense-forms listed for the aged group are those 
containing the stimulus-word flime itself, or the nonsense-word flyed 
(which suggests an incorrect past participle of the verb fo fly). 

While responses, especially for the younger group, were not re- 
stricted to real words, there is a rule followed by all responses for both 
age-groups. Only words containing phonemes in groupings permissible in 


DISCUSSION 


Verbal transformations may be looked upon as involving two successive 
steps, organization and decay, one following the other again and again. 
First, there is organization Of speech-sounds into a word or phrase. Next, 
there is a loss of organization with repetition. This decay of one per- 
ceptual form is accompanied by a return to the preceding process, /-¢- 
organization of the speech-sounds into another word or phrase. The new 
form suffers the fate of its predecessor, and in its turn is replaced. These 
two processes have been investigated separately in the pt i, 

Loss in meaning of words repeated by Ss. If, instead of listening 
passively to a repeated word, $ is told to repeat a word himself, Joss in 


served for the verbal transformation-effect, is, however, restricted by the 
instructions to pronounce the same word again and again. Perceptual 


for listening to an externally produced repeating word. 
Verbal organization of 3 
ployed a recording which repeated a series of speech-sounds which were 


* M. F. Bassett and C. J. Warne, On the lapse of verbal mean € 

this Joumnan, 30, og AT ee Molly Mason, ene “ia the ne = 
responsi i re} cl ges in mean on, 

P. tl acompanyin a aan DEE. Smith and A. L. Raygor, vee satiation an 
uly J. abnorm, soc. se piel, 22, 1956, a Boal menning ichael } peng or Sebola 

. M. Gillis, Saturation and the ra yi . J. gen. 

59, 1958, "79.85; W. E. Lambert and L. A. Jakobovits, vee satiation and changes 
in the intensity of meaning, J. exp- Psychol., 60, 1960, 376-383. 
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actually meaningless (a series of indistinct vowels without any con. 
sonants).° He found that, after listening to several repetitions of such a 
stimulus, Ss reported hearing words and phrases. Skinner called his device 
the “verbal summator.” After $ responded, the recording was shut off. 
If stimulation had been continued, perceptual reorganizations probably 
would have been observed, as verbal transformations do occur with stim- 
ulation by a repeating word made indistinct by masking noise." 

Age-differences. It is known that the aged frequently have a decreased 
auditory acuity,® and the question naturally arises whether the age-differ- 
ences found here may be explicable in terms of reduced loudness and 
clarity of the stimulus. Fortunately, data are available which enable us 
to answer this question.® It has been found that decreasing the intensity 
of a word repeated loudly and clearly to a faint but still intelligible level 
has no effect on the rate of illusory changes for young Ss. It also has been 
found that if a repeating word is made quite unrecognizable by masking 
noise (the response bearing little resemblance to the stimulus), the rate 
of transitions drops, but still remains well above that obtained in the 
Present experiment for the older group. It appears that resistance to il- 
lusory changes in the aged cannot be explained simply in terms of loss of 
auditory acuity with age. Central factors unrelated to intelligibility must 
be involved. The relative freedom of the aged from the perceptual in- 
stability of the young represents a case of more accurate auditory percep- 
tion in the aged, 

In the perceptual organization (and reorganization) of speech sounds, 
there was a Surprising difference between the behavior of the two age- 
groups. The organizational units for the young group frequently appeared 
to be the English phoneme clusters rather than English words. Young Ss 
invariably grouped speech sounds into those phoneme-groupings allowed 
in English, but organization frequently was not in the form of a real 
word, even when the actual stimulus was a common English word. By 
contrast, the aged tended to have real words as their organizational units, 


and usually reported common English words, even when the actual stim- 
ulus was a nonsense-word, 


Visual analogues. The verbal transformation 
reasoning that listening to certain words repe: 
involve fluctuations analogous to those of th 


-effect was found through 
ated over and over might 
e visual ambiguous figures 


B, F. Skinner, The verba 
J. Psychol., 2, 1936, 71-107. 
eo op. cit., 249-258. 
. D. Weiss, Sensory functions in J. E. Bi ing i 
Individual, 1959, 520-526. TE, Bitten (ed.), Handbook of Aging in she 
“Warren, op. cit, 249-258. 


1 summator and a method for the study of latent speech, 
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(e.g. the Necker cube).2° It has been shown, however, that verbal trans- 
formations are not restricted to special configurations, and that they in- 
volve perceptual distortions without any parallel for visual ambiguous 
figures."* While verbal transformations do not seem related directly to 
visual ambiguous figures, they do appear to have other visual counterparts 
following equivalent perceptual rules. 

The two processes which appear responsible for verbal transformations 
(dissolution of a particular perceptual organization with an unchanging 
pattern of stimulation and perceptual integration of unorganized sensory 
input) appear to exist not only for hearing, but for vision as well. The 
tendency for visual images to lose their organization and meaning with 
continued visual inspection has been described. As far back as 1907, 
Severance and Washburn reported that visual fixation of a printed word 
for a minute or two resulted in loss of meaning and a queer, unfamiliar 
appearance of the letters.” The tendency for non-representational visual 
forms to assume familiar meaningful shapes is illustrated by the Rorschach 
Test. A more striking example of this tendency may be observed with a 
completely unstructured homogeneous light-field (produced by placing 
half a celluloid table-tennis ball over the eye) ; Ss viewing this homoge- 
neous field may spontaneously report hallucinatory shapes and objects.*® 

Visual fluctuations involving perceptual distortions of non-ambiguous 
visual figures have been reported which seem analogous to the auditory 
verbal transformations. Marks instructed Ss to observe a circle drawn on 
a card while fixating a small point. Within a minute, most of them re- 
ported changes, some of which involved an elliptical or polyangular ap- 
pearance of the circle, or even an incomplete figure with ‘blotting out’ of 
arcs, Recently, Pritchard, Heron, and Hebb have studied perception of a 
variety of visual figures viewed as stabilized retinal images.’® Figures 
seen under these conditions were quite labile, and seemed to undergo a 
variety of changes suggestive of verbal transformations. 

When the gaze is not fixed, but allowed to travel over a figure, the 


} Warren and Gregory, op. cit, 612-613. 
», Warren, op. cit., 249-258. ne ? 
"Elizabeth Severance and M. F. Washburn, The loss of associative power 1n 
words after long fixation, this JOURNAL, 18, 1907, 182-186. See also VJ Don 
ae a P. Weld, Lapse of meaning with visual fixation, this JOURNAL, 35, 1924, 
-450. 
“4 ef E. Hochberg, William Triebel, and Gideon Seaman, Color adaptation under 
eee of homogeneous visual stimulation (Ganzfeld), J. exp. Psychol., 41, 
, 153-159. à 
he R. Marks, Some phenomena attendant on long fixation, this JOURNAL, 62, 
. 392-398. : i 
3R. M. Pritchard, Woodburn Heron, and D. O. Hebb, Visual perception Sa 
proached by the method of stabilized images, Canadian J. Psychol., 14, 1960, 67- T 
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continual change in neurological input permits the maintenance of a verid- 
ical perceptual organization. It may appear paradoxical, but nevertheless 
it seems to be that a stable perceptual organization cannot be maintain 
with an unchanging pattern of stimulation. Only by continually vg 
the sensory input—changing to neurologically different but perceptui 
equivalent patterns of stimulation—is it possible to maintain an accural 
perceptual organization, 


visual fluctuations more nearly analogous to verbal transformations (that 
is, for fluctuations while gazing with restricted eye-movements upon a 
non-ambiguous figure). 

SUMMARY 


Young adults listening to a word or a short sentence repeated over and ~ 
over on a loop of recorded tape experience sudden illusory changes in what 
they are hearing. These changes frequently involve considerable phonetic 
distortion of the clearly pronounced stimulus, ; 

Marked age-differences in Susceptibility to this ‘verbal transformation 
effect’ were found. Ss over 60 yr. of age exhibited a very much lower | 
rate of verbal transformation‘and in many cases did not show this illusion 


at all. Perceptual organization of speech in the aged a i 
Pppeared to be in- 

fluenced to a much greater degree by the frequency of occurrence of — 

words in normal usage, ’ 


Verbal transformations for both age-groups were considered in terms of 
a mechanism involving two steps: (1) loss of perceptual organization 
with an unchanging pattern of stimulation; (2) perceptual (re) organiza- 


pre ir relations between auditory and visual perception were dis- 
cussed. 


38 . . y 
aa od of this evidence see A. T; Welford, Ageing and Human Skill, 
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THE STIMULUS IN SERIAL VERBAL LEARNING 
By Ropert K. YounG, University of Texas 


The functional stimulus in serial verbal learning has not been identified 
specifically, Thus, when a series of items, A-B-C-D-E, etc., is learned as 
a serial list, it is difficult to determine whether the functional stimulus 
giving rise to Item D is C, all preceding items, the serial position of the 
item, all of these factors, or some other aspect of the situation. 

In a previous study, a list of paired associates (PA-list) was presented 
S following learning of a serial (Sr) list.* Relatively little positive transfer 
occurred in learning the PA-list although it was constructed from the 
items of the Sy-list, in a manner which can be symbolized as A-B, B-C, C-D, 
D-E, etc. Thus, just as in the Sr-list, each item except the first and the last 
served as both a stimulus and asa response, and the pairings were consistent 
with the ordering of the items in the Sr-list in which A is considered a stimu- 
lus for B, B for C, C for D, etc. (Of course, during learning by paired asso- 
ciates, the pairs were never presented in a consistent order but always in 
different random orders.) 

It would appear that if A is the specific and exclusive stimulus for B 
in the Sy-list, and if B is the stimulus for C, and so on, high positive 
transfer should obtain in the PA-learning since the A-B, B-C, C-D, etc., 
associations would have been learned in the Sr-list. As noted above, this is 
not the case. Furthermore, it is known that if this procedure is so reversed 
that S first learns a PA-list of the nature A-B, B-C, C-D, etc. (again ran- 
domly presented), and then learns an Sr-list in which the items are or- 
dered A-B-C-D-E, etc., high positive transfer will occur. In learning by 
PA it would appear that the particular verbal unit used as the nominal 
stimulus must inevitably serve also as the functional stimulus; there seems 
to be no other cue which S can use. 

Since positive transfer should occur from Sr- to PA-learning as readily 


* Received for publication September 10, 1960. This research was supported by 
Grant G-4850 from the National Science Foundation. . P i 

iR. K. Young, A comparison of two methods of learning serial associations, this 
JOURNAL, 72, 1959, 554-559. : { A 

Ernest Primoff, Backward and forward associations as an organized act in 
serial and in paired associate learning, J. Psychol, 5, 1938, 375-395; Young, 
ob. cit, 554-559. 
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ing if the nominal stimulus is equally effective in both forms of learning, 
one possible conclusion from the facts as stated is that S is nos learning 
associations between the specific verbal stimulus and the next item in the 
list in Sr-learning. Instead, he may be employing other features of the Sr- 
learning as the functional stimulus, e.g. serial position. 

The above conclusion is exactly Opposite to what may be called a 
specificity-hypothesis, according to which a functional stimulus for an item 
in a serial list is the item just preceding it. The present study tests certain 
implications of this hypothesis. If the implications are not borne out, the 
data may be used as evidence againt this hypothesis and in favor of some 
other hypothesis of serial learning. 

If it is assumed that in learning a serial list A-B-C-D-E., etc., A is the 
functional stimulus for B, B for C, C for D, etc., as per the specificity- 
hypothesis then when a PA-list is constructed (A-B, B-C, C-D, etc.) 
positive transfer to it should increase as degree of serial learning increases. 
Degree of serial learning is, therefore, varied in the present study to test 
this implication. 

Assume that S has learned the Sy-list A-B-C-D-E, etc., and is then trans- 
ferred to a PA-list consisting of pairs such as B-F, C-A, G-B, etc. If the 
specificity-hypothesis is valid, negative transfer should be expected in 
learning the PA-list constructed in such a fashion, because the specific 
associations developed in the Sr-learning (A-B, B-C, C-D, etc.) would be 
inappropriate for the PA-list. A test of this expectation from the specificity- 
hypothesis is also included in the Present study. 


METHOD 

General, The experiment may be thought of as a 
the columns represent three degrees of Sy- 
ferred to a PA-list), and the rows two extremes in transfer; namely, a positive 
relation and a negative relation between the Sr- and PA-lists. The Ss in Group P 
( Positive transfer) learned an Sy-list relevant to one of the three criteria of serial 
learning and then transferred to a PA-list so constructed from the Sr-list that, 
based on the specificity-hypothesis, Positive transfer would be expected. The Ss 
of Group N (negative transfer) also learned an Sr-list to one of the three criteria, 
and then transferred to a PA-list constructed from the Sr-list with the items so 
arranged that negative transfer would be expected by the hypothesis, If the Sr-list 


is symbolized as A-B-C-D-E-F, etc., Grou P foll th x A ith a 
PA-list that would be symbolized as AB, BC, ae ee asninn Yl 


2 X 3 factorial design in which 
learning (given before $ was trans- 


p P were, however, paired in a 


i s $ ; list, while those for Group N were paired 
in a manner inconsistent with the order of the items in the Sr-list previously learned. 


Specific procedures. Two basic groups of 24 $s each were used, one group 
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serving under the P-conditions, the other under the N-conditions. The members 
of each group served under three condiitons, following a practice session, which 
were distinguished by the degree of learning given on the Sy-list before trans- 
ferring to the PA-list. Under one condition there was no learning on the Sr-list; 
under a second, the Sr-list of nine items (eight actually learned since the first 
item was used as the anticipatory cue for the second) was learned until five out 
of the eight possible responses were given correctly on a single trial; and under 
the third condition, the Sr-list was learned to one perfect trial. 

The intent of these procedures is to measure transfer on the PA-list as a func- 
tion of degree of learning on the prior Sy-list. Differences in transfer (if present) 
are to be interpreted as being due to specific associations formed during the serial 
learning. It can be seen, however, that the learning of the PA-list might be in- 
fluenced by differences in such general factors as ‘warmup’ and ‘learning-to-learn,” 
resulting from varying degrees of prior serial learning. It was necessary, therefore, 
to make these general factors equivalent for all three conditions. To do this an 


TABLE I 
Lists oF STIMULUS-MATERIALS 
Sr-list: (Group N) Sr-list: (Group P) PA-list: (Both Groups) 
entire alike solvent-unwell 
icy icy entire-rustic 
unwell joyous Icy-joyous 
rustic solvent unwell-clever 
joyous unwell alike-icy _ 
clever clever clever-entire 
taboo entire joyous-solvent 
alike rustic rustic-taboo 
solvent taboo 


irrelevant Sy-list (ISL) was presented before the relevant Sy-list (RSL) a sufficient 
number of times that, considering ISL and RSL combined, the amount of practice 
and warmup should be the same for all conditions at the time $ was transferred 
to the PA-list. When S$ had no trials on the RSL, the 1SL—irrelevant in the sense 
that no items from this list appeared in the PA-list—was given until S learned to one 
perfect trial. This condition is designated 8-0, indicating 8 correct out of the 8 
possible on a single trial on the first or ISL, and zero trials on the RSL. For the 
medium degree of RSL learning (5 out of 8 correct) the ISL was first presented 
until 5 out of 8 were correct. This condition is designated 5-5. For the third degree 
of learning in which $ learned the RSL to one perfect trial, no trials were given 
on the ISL and this condition is designated as 0-8. Both the P- and N-groups had 
exactly the same treatment in learning the Sr-lists. Since within each group all Ss 
served under all three degree-of-learning conditions, complete counterbalancing of 
conditions was used. It was, of course, also necessary to provide three different 
Sets of lists, one for each condition. These sets of lists were also counter balanced, 
but independently of conditions. 

The lists were composed of two-syllable adjectives taken from Melton.’ Each 
Sr-list had nine items, each PA-list, eight pairs (see Table I), Intralist similarity 
eae eS Herc ee Ae FS 


*E. R. Hilgard, Methods and procedures in the study of learning, in S. S. 
Stevens (ed.), Handbook of Experimental Psychology, 1951, 517-567. 
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and similarity between sets of lists were as low as careful inspection procedures 
permit. The PA-lists learned by the P- and N-groups were identical. The differ- 
ences in the positive and negative characteristics obtaining between the Sr- and 
PA-lists were produced by variation in the ordering of the items in the RSL, For 
one set of items, this may be exemplified by presenting the RSL learned and the 
common PA-list. 

It will be noted that while both groups learn the same PA-list, the relationship 
between the pairs and the items in the Sr-list differs for the two groups. For 
Group N, no pair in the PA-list represents two items which were adjacent in the 
Sr-list. For Group P, every pair represents adjacent items in the Sr-list and the 
pairing is in the direction appropriate to the Sr-list. That is, alike is the stimulus 
for icy in the PA-list which is exactly the case in the Sy-list. If the specificity 
holds—if alike is the functional as well as the nominal stimulus for icy in learning 
the Sr-list—positive transfer may be expected in learning the PA-list. So too (by 
the specificity-hypothesis) for Group N, since entire and icy should be associated 
during serial learning, negative transfer should result when S must learn the pair 
entire-rustic in the PA-list. 

The learning of the PA-list for both groups under all conditions was carried to 
one perfect trial. Four different orders of presentation were used to minimize serial 
learning and thus emphasize learning in pairs. These orders were random but 
were subject to the restriction that two pairs containing the same item (once as 
stimulus and once as response) were never adjacent. 

The Ss were selected from introductory psychology courses and assigned to one 
of the two groups on a random basis. The lists were presented by a film-strip 
Projector at a 2-sec. rate for the Sr-lists and a 2:2-sec. rate for the PA-lists, The 
intertrial interval for both kinds of lists was 6 sec. and approximately 1 min. 
elapsed between the learning of the two Sr-lists or between the learning of an $r- 
and a PA-list. No more than one condition was given per day. 


RESULTS 

Control measures, On the practice day all Ss learned the same Sr- and 
PA-lists. This allows a comparison between the 24 Ss assigned to Group P 
and the 24 assigned to Group N. Since the ¢ between trials to learn the 
Sr-list was 0.69, and that between trials to learn the PA-list was 0.18, the 
two groups can be considered essentially equivalent on learning ability. 

For each group the total number of trials required in serial learning was 
determined for each condition, For Condition 0-8 this was simply the 
number of trials to learn the RSL to one perfect recitation. For Condition 
8-0 the value was the number of trials to learn the ISL, and for Condition 
5-5 the value was the total trials in learning both lists to a criterion of five 
out of eight correct. The values were compared by a Friedman two-way 
analysis of variance. The y2, for Group P was 2.04 and for Group N; 
5.25. Since the y, needed for significance at the 5% level with 2 df. 
eee E He 3.70 level with 2 4) 
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is 5.99, neither of the Chi-squares obtained is significant. If, therefore, the 
number of trials on the two serial lists combined is used as an index of 
equality of learning-to-learn and warmup, the Ss in each group learned a 
PA-list for each condition at the same level of practice and warmup on 
the average. Differences which occur in learning the PA-lists as a function 
of degree of relevant serial learning, must, thereby, be attributed to specific 
associative factors. 

Trials. The mean numbers of trials to learn the PA-list to one perfect 
recitation for the three conditions for each group are shown in Table II. 
In the analyses of trials to learn, not a single F was significant. It can be 
seen from Table II that as degree of prior relevant serial learning in- 
creased, trials to learn decreased in Group P and increased in Group N. 
The F for interaction (Group X Condition) was 2.72, with 3.10 needed 


TABLE II 
MEAN TRIALS TO LEARN THE PA-LisTs 
Condition 
8-0 5-5 0-8 
¥ NEn a 
Group M om M om om 
P 28.00 2.93 27.75 2.88 24.67 2.71 
N 24,50 2.43 25.20 1.88 28.80 2.78 


for significance at the 5% level with 2 and 84 df. The specificity-hypothesis 
implies that as degree of prior serial learning increases, the changes in 
learning for Groups P and N should be that shown by the means in Table 
IL. Since the differences for interaction and those for conditions within 
experiments do not reach significance, it must be concluded that in terms 
of trials to reach one perfect recitation, the hypothesis is given weak support 
at best. 

Transfer, In a previous experiment it was observed that positive transfer 
occurred early in PA-learning under conditions much like those of Group 
P in the present experiment.’ This positive transfer was apparent until 
about half the items were learned, after which it decreased (relative to a 
control condition) and had disappeared by the time a criterion of one per- 
fect recitation was reached. The present results for Group P show some- 
what the same effect, To make the analysis, the mean number of trials re- 
quired to attain a criterion of four correct responses was used. The means 
for this measure are shown in Table III. Because the variances have not 
been corrected for heterogeniety, the Friedman and Kruskal-Wallis analy- 
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ses of variance have been employed to test the significant of differences." 
The difference beween Groups P and N was tested and H = 10.07 (with 
1 df., p < 0.01) indicating that Group P (positive transfer) reached a 
criterion of 4/8 earlier than did Group N (negative transfer). In addi- 
tion, conditions in Group P were tested and y?, = 15.02 (with 2 df., 
p < 0.001). The y, in Group N was found to equal 0.19 which is 
not significant. These results indicate that degree of prior RSL-learning 
influenced the transfer early in learning the PA-list for Group P but not 
for Group N. Even for Group P there is no clear gradient in transfet as 
a function of degree of serial learning. For Group N it must be concluded 
that there is no evidence at all for the specificity-hypothesis; a control con- 
dition (8-0) gave no better performance than the condition with the 


TABLE III 
MEAN TRIALS TO REACH A 4/8 CRITERION ON THE PA-Lists 
Condition 
=o U rti“(<‘(‘ SS 
8-0 5-5 0-8 
Se 

ioe M On M Om M om 

5.46 -63 2.88 -34 2.90 45 

N 4.83 46 4.87 49 5.58 75 


highest degree of RSL-learning, a condition which might be expected to 
produce negative transfer by the hypothesis. 

The evidence evaluated thus far would give little support to the 
specificity-hypothesis. Only the positive transfer early in learning for Group 
P would support the notion and the differences, while significant statis- 
tically, are not of the order of magnitude to be expected if S merely 


continues to use the same associations in PA-learning as he had in Sr- 
learning. 


arrangements as the Sy-list it followed; the 
same items but with random pairing of the 
employed a PA-list which had items as un- 
the serial list. In this subsidiary experiment 
stant order with the conditions of transfer 
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counterbalanced. In all other respects the specific procedures of the major experi- 
ment were replicated with the exception that the criterion employed for serial 
learning was two successive perfect recitations under each condition, 

The results of this second experiment were substantially the same as the first. 
Number of prior serial learning trials did not differ between conditions (x = 0.77) 
and trials to reach a one perfect criterion in the PA-learning did not vary as a 
function of the condition of transfer (F= 1.95 with 2 and 44 dj.). As in the 
major experiment trials to reach a criterion of four correct responses was a function 
of transfer condition (47+ = 7.52, with 2 df, p < 0.05) but the negative condition 
did not differ from the control (xr = 0.17). 


Further tests. It does not appear that when $ learns a serial list A-B-C- 
D-E, etc., A is the functional stimulus for B, B for C, etc. Since, however, 
this conclusion may run against the commonly held conceptions of serial 
learning, further tests of the specificity-hypothesis were sought in the data. 
Several tests were performed on the data of both Groups P and N. The 
tests dealing with Group P will be presented first. 

One of these tests deals with the bowed curve of serial-position. It may 
first be noted that a rather typical bowed. curve was found for the serial 
lists in the present experiments. For Group P, Condition 0-8, the mean 
number of correct responses per trial at each successive serial position was 
as follows: 0.91, 0.75, 0.67, 0.55, 0.45, 0.59, 0.65, and 0.68, Items near 
the first and near the last of the list are given more times correctly than 
those near the middle. It would seem that if specific associations are being 
transferred from the serial to the PA-list, some evidence for the bowed 
curve should be found in the learning of the PA-list for the P-conditions. 
For example, in the serial list A-B-C-D-E-F, etc., the A-B association 
should be the strongest at the end of learning and might, therefore, be 
expected to be given more times correctly in learning the PA-list if indeed 
A is the specific stimulus for B in the serial list. Likewise, a pair of items 
in the middle of the serial list, say D-E, having been given but few times 
correctly in serial learning, would be expected to show less transfer than 
A-B in the PA-list. 

Differences in learning among pairs in the PA-list may occur for reasons 
other than differences attributable to serial learning, e.g. there may be 
differences in intrinsic difficulty of the pairs. To evaluate a transfer of the 
bowed-curve effect to PA-learning, a control or comparison condition must 
be employed. Condition 8-0 in Group P is the appropriate control, since 
the Ss in this condition learned an irrelevant serial list. Therefore, the 
Mean number of correct responses per trial for each pair was determined 
for Condition 8-0 and the pairs were ordered along a baseline in a manner 
which would have been appropriate had an RSL been learned previous to 
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the PA-list. This was compared with the results for Condition 0-8 which 
did have an RSL. The two curves are shown in Fig. 1. With the exception 
of the first and last serial positions, all points on both curves appear to have 
approximately the same value. The difference between the first points on 
each curve was compared by a sign-test and was found to be significant 
(p = 0.01).* No other differences between the two curves approach sig- 
nificance. Thus, following RSL-learning, which by the specificity-hypothesis 


MEAN CORRECT PER TRIAL 
TES eh tk 


+ 
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should produce high positive transfer, only the PA-pair which corre- 
sponded to the item in the first serial position was given correctly more 
often in the positive transfer condition (0-8) than in the control (8-0). 
Furthermore, a comparison of the shapes of the two curves gives little 
indication that transfer-of the bowed-curve effect had occurred. 

Similar analyses of the data of the subsidiary experiment were done and 
the PA-pair corresponding to the initial item in the Sr-list was correct 
more often in the P-condition than in the control (p < 0.05). No other 
evidence was found for transfer of the effect of serial position. 

Since it has been observed that positive transfer does occur up to a 
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criterion of 4/8 in Condition 0-8, Group P, it might be assumed that the 
effect of serial position would transfer initially and then disappear when 
higher criteria of learning have been reached. The mean number of items 
correct per trial (up to a criterion of 4/8) in PA-learning is presented in 
Fig. 2 as a function of prior serial learning. As in the previous analysis, 
the pairs are ordered along a baseline which would have been appropriate 
had a prior RSL been learned. The PA-pairs from Conditions 8-0 and 0-8 
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Fic, 2. MEAN CORRECT PER TRIAL IN PA-LEARNING TO A 4/8 
CRITERION FOR GROUP P 

in Group P were compared and again the first item was found to be given 
more often in Condition 0-8 than in Condition 8-0 (p < 0.001). No other 
pairs were found to differ from one another. There appears to be some 
evidence for transfer of serial-position effects in Fig. 2 with the PA-pairs 
corresponding to the first or last items in the serial list being given more 
often than the PA-pairs from the middle of the serial list. Similar results, 
however, were not found in the analysis of the trials to 4/8 criterion of 
the subsidiary experiment. None of the pairs in the P-condition was given 
significantly more often than the respective control pair and the plot of the 
serial position effects did not appear to be bowed. ‘ 

The results of the tests of Group P give little indication that specific 
associations transfer from serial to PA-learning even though positive trans- 
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fer is observed early in the PA-learning of Group P. Further tests of the 
specificity-hypothesis may be made, however, from certain results of t 
negative-transfer conditions, $ 

Following serial learning, the items were randomly rearranged in pairs 
in the PA-task to form a condition of negative transfer. Again, if the 
specificity-hypothesis is valid, the rearrangement of the serial items in the 
PA.task should result in negative transfer and while this did not occur i 
terms of trials to learn, the procedure employed may have resulted in 
negative transfer for specific items. Although no data will be presented, if 
can be reported that no evidence was found favoring a specificity-inter= 


pretation. 

A further test of the specificity notion may be made by determining the 
number of incorrect responses given to stimuli in PA-learning which in th 
serial learning of Group N would have been correct. A sign-test indicated 
that Ss gave more responses compatible with negative serial grouping in 

ition 0-8 than in Condition 8-0 (p < 0.05). Similar results were 
found in the data of the subsidiary experiment. These data give some 
weight to the specificity-hypothesis since responses compatible with negative 
serial order would not be expected unless Specific associations were formed 
in serial learning. 

Since many experiments find that negative transfer effects disappear 
relatively early in learning, e.g. Underwood, t-tests were computed between 
Conditions 8-0 and 0-8 of Group N for Trials 1, 2, and 3.8 None of thes 
differences was significant. Similar analyses were performed on the data 
of the subsidiary experiment and again none of the t-tests was significant. 


transfer to a PA-task composed of items learned during Sr-learning. The 
hypothesis would predict, further that positive Cape should ‘obi 
when the PA-list learned following Sr-learning, is composed of the same 
items and associations as were in the Sy-list while negative transfer should — 
occur as a consequence of randomly re-pairing the serial items and con- 
structing a PA-list from them, Furthermore, the specificity-hypothesis 
would state, in the case of the paradigm of positive transfer, that items 
which were often correct during Sr-learning would also be more often 
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correct during PA-learning than would be the case with items which were 
less often correct in Sr-learning. On the other hand, the hypothesis would 
predict, in the case of the paradigm of negative transfer, that items most 
often correct during Sr-learning would show associative interference when 
transferred from Sr- to PA-learning. Finally, the predicted effects of 
positive and negative transfer should increase as degree of prior Sr-learning 
increases. 

Little support for specificity has been found in the present study. In 
terms of trials to learn, transfer is not a function of degree of RSL-learning 
(except early in the PA-learning of Group P) and the analyses of transfer 
of specific associations gives little indication that the formation of associa- 
tions during PA-learning is influenced by prior Sr-learning. 

It may be argued that the present experiment is not a proper test of the 
specificity-hypothesis since the methods of presentation of Sr- and PA-tasks 
are different, i.e. since the two procedures are dissimilar—even though the 
mechanism of learning underlying both may be the same—no significant 
transfer-effects would be expected from one type of learning to the other. 
This objection appears questionable when viewed in the light of previous 
studies which found that high positive transfer obtained when the transfer 
from PA- to a Sr-task was measured. It would appear that if the associa- 
tions formed during PA-learning transfer readily to an Sr-task, then 
associations formed during Sr-learning should transfer as readily to a PA- 
task if the hypothesis that associations are formed to specific stimuli in 
Sr-learning is valid. 

The results of the present experiments give little support to the specific- 
ity-hypothesis, While the data do not permit rejection of the hypothesis 
that associations are formed between the nominal stimulus and the response 
in serial learning, the data do indicate that such associations play a minor 
tole at best. As noted above, many cues or combinations of cues may serve 
as the functional stimulus in serial learning and the results of the present 
experiments appear to cast doubt upon one possible explanation of the 
factors underlying serial learning—the association of a response to its 
nominal stimulus—but the data do not permit a choice among other 
alternate explanations. 

SUMMARY 


The present experiments test the hypothesis that associations are formed 
between the nominal stimulus and response in serial learning. This hy- 
pothesis, called the specificity-hypothesis, was tested by measuring transfer 
Bothesis, called the specegcuy ypo, TAS oy eee ioe 
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from a serial to a paired associate (PA) list composed of the same items 
as were employed in the serial task. The PA-list employed in the present 
experiments differs from the usual PA-list in that each item served both as 
a stimulus, in one pair, and as a response, in another. Three conditions of 
transfer were employed. The first measured transfer from a serial to a PA- 
list when the items and associations were the same in both lists (A-B, 
A-B), the second when the items were the same in both lists but the 
associations were different (A-B, A-B jumbled) and the third was a con- 
trol (A-B, C-D). The specificity-hypothesis would predict high positive 
transfer in the first paradigm, high negative in the second, and zero in 
the third. 

The data were analyzed both in terms of trials to learn the PA-list and 
in terms of transfer of specific associations, The results indicate that posi- 
tive transfer occurred only early in the PA-learning, and that negative 
transfer did not occur at any time during PA-learning. In addition the 
analyses of transfer of specific associations provided only weak support 
for the hypothesis. The results of the present experiments give lit:le sup- 
port to the hypothesis that associations are formed between the nominal 
stimulus and response in serial learning. 


DISCRIMINATION IN AUDITORY AND VISUAL PATTERNS 
By Jo ANN S. Kinney, U.S.N. Medical Research Laboratory 


Within the realm of audition, there are relatively few data on the 
perception of complex sounds other than speech, and few laws on the 
perception of form and pattern with which to compare the laws of visual 
organization, Recent contributions to the field have been made by Miller 
and Heise in two experiments on auditory patterns.* In the first of these, 
they found that two alternating tones of different pitch will be heard as 
one pattern or trill if the separation in frequency between the tones is 
not too great. Beyond a certain size of separation, however, the trill breaks, 
and two unrelated tones are heard. Heise and Miller later experimented 
with other types of auditory pattern and found a similar phenomenon. A 
single variable tone, presented with others in a pattern, becomes isolated 
from the rest of the pattern when the frequency-separation is increased 
beyond a certain point. The “single-tone ‘figure’ is heard as an isolated 
‘pop’ . . . with the onrushing steam of melodic pattern in the back- 
ground,’ 


Temporal variation was not studied by Miller and Heise, but it is of obvious im- 
portance in auditory perception, since auditory stimuli are patterned in time. It does 
follow from their results, however, that if a tone is ‘isolated’ from the rest of an 
auditory pattern by a large frequency-separation, its temporal position with respect 
to the rest of the pattern should be more difficult to judge. Temporal discrimination 
therefore could be used to measure which tones are included in a perceptual group. 

A further advantage resulting from the use of temporal discrimination as a meas- 
ure of auditory patterning is that the results may be compared with data of visual 
patterning by means of the spectrographic transformation between vision and audi- 
tion. Time is one of the major axes in this transformation, being comparable to 
the horizontal dimension of visual space, while pitch becomes the vertical dimen- 
sion of space. There are a number of instances in the literature indicating that the 
spectrographic transformation preserves the patterning or organization of stimuli be- 
thie dd Seatdbaepidae ose POS ee 


* Received for publication June 15, 1960. The auditory portion of this paper is 
adapted from a Doctocal eatin submitted to the University of Connecticut. 
The work was supported, in part, by the Haskins Laboratories in connection with 
Contract AF 19(604)-2285, which is monitored by Operational Applications Lab- 
oratory, AFCRC, Bedford, Mass. The author is indebted to Dr. Alvin M. Liberman 
who directed the research. 
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Sot ‘An experimental study of auditory patterns, this Journal, 64, 1951, 
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tween the two senses. The first such indication came from the development of the 
Sound Spectrograph by Bell Telephone Laboratories and from the comparison of 
spectrographic and oscillographic displays of speech. Some individuals, after train- 
ing, could read spectrograms of speech, a feat impossible with the oscillograph? 

The reverse of the Sound Spectrograph, the Pattern Playback developed by Has- 
kins Laboratories, converts visual displays into sounds.‘ This instrument has been 
used successfully in determining for the first time the acoustic cues for speech, 
further attesting to the effectiveness of the transform in preserving the organization 
of the stimuli between the two senses.* 

Studies of Licklider, Bindra, and Pollack on the intelligibility of speech,’ and 
by Cooper, Liberman, and Borst on pattern perception,” also indicate the parallelism 
that exists between visual and auditory Perception when the spectrographic trans- 
form is used. Heise and Miller conclude that their results with sound-patterning 
are in agreement with the laws of visual Organization and that “the shape of the 
auditory pattern and the threshold for the integration of the variable tone into the 
pattern are approximately what one would expect from corresponding visual figures, 
if the frequency and time coordinates of the auditory figure are replaced by vertical 
and horizontal spatial coordinates, respectively.” 

Other instances could be cited, the most obvious being that musical notation de- 
pends on this device and has been read successfully for centuries. It should be 
pointed out, however, that there is no indication that this transformation is the only 


one, or that it will work perfectly: it is simply, on the weight of the evidence, the 
most useful one we have at present. 


This experiment then was designed, first, to provide quantitative data 
on the perception of temporal differences in auditory patterns and, sec- 
ondly, to compare the auditory results with similar data from vision. 
Specifically, the effect of two major variables on auditory temporal dis- 
crimination was investigated. The frequency-separation of the elements or 
tones in the patterns was chosen as one variable, to see if the dependence 
of ‘Perceptual grouping upon pitch-relationships, found by Miller and 
Heise, could be tepeated for temporal discrimination, The type of pat- 


iR. K. Potter, Visible patterns of i 
‘ 4 Sound, Science, 102, 1945, 463-470., 
F. S. Cooper, Spectrum analysis, J. acoust. Soc. air 22, 1950, 761-762; 
. S. Cooper, The role of selected stimulus- 
1932, oe ed stop consonants, this JOURNAL, 65, 
: S. Cooper, P, C. Delatttre, A. M, Liberman, J. M. Borst, and L. J. Gerstman, 
aa 24, 1952, 597 pel ees Rae synthetic speech sounds rA PET a 
. 24, , h a Delattre, F. S. Cooper, A. M, Liberman, an 
Cod, pan ore Speech synthesis as a research technique, Proc. VIIth International 
gress nguists (1952), London, 1956 545-561: A. M. Liberman, Some 
results of research on speech i e iA. M. man, 
‘J. C. R. Licklider pma eae J. acoust, Soc. Amer., 29, 1957, 117-123. 
speech-waves, this JOURNAL, 61, 1948, Bye aoa The intelligibility of rectangular 
ooper, Liberman, and Borst, The interconversion of audible and visible patterns 


feito for research in the Perception of speech, Proc, nat. Acad. Sci, 37,1951, 
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tern, or the manner in which the tones are combined, was chosen as the 
second parameter, since it relates most obviously to form-perception in all 
modalities. 


To obtain quantitative visual data for comparison, the spectrographic transform 
was used to convert the auditory patterns into visual patterns. Since there is as 
yet no evidence on the appropriate scale to use in such a conversion of axes, a linear 
transformation was arbitrarily chosen, with the result that the patterns were the 
same when the linear codrdinates of frequency and time were replaced by linear 
dimensions of length. Thus, for visual experimentation, the elements of the patterns 
are rectangles, and the discriminative task is that of judging the spacing between 
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rectangles in the horizontal dimension. The two experimental variables are the 
amount of separation between elements in the vertical dimension and the type of 
pattern. ’ 


Part I: AUDITION 


Apparatus. The stimuli were produced by the Pattern Playback, the instrument 
designed to convert spectrographic displays into sound. Spectrograms are painted 
in white on transparent material, placed on the moving apparatus, and p 
through a modulated light beam which has a fundamental frequency of 120 ~ and 
50 harmonics. The light reflected from the white paint is converted into the corres- 
ponding frequencies of sound by a phototube, amplifier, and speaker-system. 

In this experiment, drawings were made of the desired patterns, sounds were 
generated from them by the Playback, and recordings of the sound were made on 
magnetic tape. The individual patterns were then placed in the desired orders for 
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presentation to the Os by marking and splicing the magnetic tape. The reels of 
magnetic tape were played for the Os on a Magnecorder and loud-speaker system 
in a room specially treated to absorb sound reflections. 

Stimuli. The basic elements in each pattern of sound consisted of two tones of 
different frequency. The tones were each of 50 m.sec. duration and were separated 
in the standard condition by 50 m.sec. of silence. In the variable conditions, the 
silence was of 10, 20, 30, or 40 m.sec. duration. 

Two degrees of frequency-separation were used; one small and the other large. 
The former will be referred to as the ‘near’ condition and the latter as the ‘far. 
In the near-condition, the two tones were of 1200 and 1440 ~; in the far-condition, 
they were 1200 and 3480 ~. 

The individual tones were not pure but consisted of two adjacent harmonics of 


Fic. 2. SCHEMATIC DIAGRAM OF THE STIMULUS-PATTERNS 


the 120 ~ fundamental; in specifying the frequency-level, the higher harmonic is 
cited. They started and ended gradually to avoid a burst of noise at onset and offset. 
Fig. 1 presents the two frequency-separations of the basic elements for the standard 
and variable conditions. This is a scale-drawing of the patterns actually used and 
painted for conversion into sounds, Two such drawings were made of each pattern. 
One of the patterns used in the experiment consis 


EEN a ted of these basic elements pre- 
sented alone. For each of the other patterns, exactly the same basic elements, drawn in 
the same way, either were imbedded in a 


$ series of other tones or were repeated a 
number of times by themselves, ; 


Six different patterns were used, Fig. 2 shows 
terns, with the basic elements represented by filled squares and the other tones by 
open squares. Whenever tones other than the b: 


asic elements were added, the tones 
were of the same length and shape as the basic elements, and 50 m.sec, of silence 
was interposed between them. 


a schematic diagram of these pat- 
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This diagram presents only the standard condition of 50 m.sec, of silence be- 
tween the basic elements. For each pattern, the variable conditions, with 10-40 
m.sec. of silence between the basic elements, were exactly the same as those pre- 
sented in Fig. 1. Thus, it was always the highest tone in each pattern that was dis- 
placed temporally away from the standard condition in which the spacings between 
tones always were equal; all other tones remained in the same position on the time- 
scale. This means that, for those patterns which had a tone following the basic 
elements, a given displacement from the standard condition narrowed the silence 
between basic elements and widened it following the variable tone. For example, at 
40 m.sec. displacement, the silent-time was 10 m.sec. between the basic elements and 
90 m.sec. between the displaced tone and the one following it. 

Presentation of stimuli. The ABX method was used to measure the O's ability 
to discriminate the temporal separation between the elements. This method presents 
three patterns in a series. The first two are different, one being the standard and the 


TABLE I 
Tue NUMBER OF Os TESTED ON EACH REEL 
Patterns presented 


Os No. repeated 
sessions basic pyramid triad ascending ————————— 
two four 
Graduates 2 18 18 rai =e pe pes 
Undergrads 2 32 32 — — a= 32 
Undergrads 2 31 31 31 31 y= 31 
Undergrads 1 8 8 8 8 — 8 
Undergrads 1 43 43 43 = 43 43 
Columbia 1 6 6 6 6 — 6 
Sailors 1 — — = = 40 = 
Total 138 138 88 45 83 120 


other, a variable; the third pattern in the series is exactly the same as either the 
first or the second. The O's task, therefore, is to decide whether the third pattern, 
X, is like, the first A, or the second, B. 

The standard, with 50 m.sec. of silence between the basic elements, was compared 
with each of the variables that had 10-40 m.sec. of silence between elements. All 
possible orders were used for each comparison—ABB, ABA, BAA, and BAB. To 
Control for the possibility that variations in the drawing or recording of the stimuli 
might serve as clues to the correct answer, the two identical temporal variations in 
each ABX series always were made from different drawings and recordings of the 
Same pattern. A complete test for any one pattern consisted of all four orders for 
each of the four displacements, or 16 ABX series. These 16 series were placed on 
One reel of magnetic tape with the order of presentations randomized. Two frequency- 
conditions for each of the 6 patterns gave 12 reels. 

The O was told that the difference between the patterns was of a temporal or 
thythmical nature and to listen carefully for this aspect. He was further told that 
Some of the differences might be difficult to detect and asked, where he was un- 
Sure, to guess, Each O was given data sheets on which to write down his answers. 
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These sheets were scored for the number of correct judgments at cach of the tem- 
poral displacements. 

The Os were, for the most part, undergraduates at the University of Connecticut, 
but they also included some graduate students from Columbia University, and en- 
listed men of the U. S. Navy. They were tested in small groups of less than 20 and 
heard as many reels as possible during the allotted testing time. All reels were not 
played to all Os, since an individual session, at most 45 min. long, was never long 
enough to encompass all of the variations; but the same Os always were tested with 
both the near and far frequency-conditions of a single pattern. The order of pre- 
sentation of reels given within a single session was randomized, and each small 
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Fic. 3, RESULTS FOR THE Two FREQUENCY- 
CONDITIONS OF THE BASIC ELEMENTS 


ce w ce gi wiat assigned a different order. The Os usually were asked to return 
A =a session a week later, and the same reels were repeated, in a different 
eE, Tor those who did zetum. Table I gives all the information on the various 


patterns to which each group of Os 
sherpa p was exposed and the total number of Os who 


Results, The results obtained with the two frequency-separations of the 
basic elements are Presented in Fig. 3, in terms of the average percentage 
correct for 138 Os at each temporal displacement. Normal psychophysical 
functions are found relating discrimination to the size of the difference 
to be discriminated. Both curves start with a chance-level of discrimination 
at 10 m.sec. and show increasingly larger percentages as the length of the 
temporal displacement is increased. The liminal values for both curves, 
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at the 75% point, are 30 -40 msec, The near-separation yields better 
discrimination throughout the curve except at the 10-m.sec. interval. This 
same increase in discrimination in the near-condition is found in the re- 
sults for all of the other patterns. These data are given in Figs. 4 and 5; 
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Fic. 5. RESULTS FOR THE TWO FREQUENCY-CONDITIONS 
OF THE REPEATED PATTERNS 


wherever the results are above the chance-level, the near-condition yields 
better discrimination than the far. 

It is obvious also from these data that discrimination varies with the 
type of pattern presented even where the actual temporal differences to be 
discriminated are identical. As a further check on this finding, comparisons 
Were made only for Os who responded to all the reels in question; the 
Purpose, of course, was to eliminate the effects of individual differences 
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in sensitivity. In the previous comparison between frequency-separations, 
each O always was given both frequencies of a single pattern, which 
meant that individual differences already were eliminated. The results of 
these comparisons between patterns revealed consistent differences for all 
groups. The repeated patterns always showed discriminative functions 
superior to those of the other patterns, while the triad gave the poorest 


TABLE II 


THE DIFFERENCES BETWEEN MEAN RESULTS FOR THE 
Basic ELEMENTS AND THE OTHER PATTERNS 


Mean diff. 
Pattern Mean (Basic—Other) t P 

Basic 10.39 
Pyramid 10.43 —0.04 —0.16 = 
Ascending 10.18 0.21 0.74 — 
Triad 9.10 1.29 4.80 1% 
Repeated 11.91 —1.52 4.95 1% 

i 

oa NEAR FAR 

90) 


CORRECT (%) 


—— Basic 
~-=- Repeated (2) 
vem Repeated (4) 


N+ 43 


20 30 40 
DIFFERENCE (m.sec.) DIFFERENCE TPN 2 


Fic, 6. EFFECT OF REPEATING THE Basic ELEMENTS ON 
DISCRIMINATION 


functions. The t-tests in Table II are given as an example of these dif- 
ferences; comparisons are made between the basic elements and four 
other patterns for a group of 31 Os, all of whom responded to all five 
patterns. 

Data on the repeated patterns for a group of 43 Os, all of whom had 
the basic elements and two and four repetitions of the basic elements are 
plotted in Fig. 6. In both the near- and the far-conditions, there is better 
discrimination for the repeated patterns than for the basic elements alone. 
It should be noted also that the number of repetitions makes little differ- 
ence in the discriminative functions, the curves for two repetitions and 
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for four repetitions intertwining at both near- and far-frequencies. Table 
III gives the results of ftests performed on these data. No significant 
differences exist between two and four repetitions of the basic elements, 
while the differences between the basic elements and its repetitions all are 
significant. 


PART II: VISION 


The visual patterns used in this experiment were drawn in black India 
ink on 3 X 5-in. white cards. For presentation to the Os, they were placed 
in a holder against a large, white, Bainbridge-board screen. The screen 


TABLE II 


DIFFERENCES BETWEEN THE MEAN RESULTS FOR THE Basic ELEMENTS, 
Two, AND Four REPETITIONS 


Frequency Patterns Mean diff. t 12 
Near Basic vs. two 0.86 1.82 3g 
Basic vs. four 1.00 2.23 1% 

Two vs. four —0.12 —0.34 i 
Far Basic vs. two 1.84 3.60 1% 
Basic vs. four 1.56 3.45 1% 

Two vs. four 0.28 0.92 = 


* The value given is for a one-tailed test, on the assumption that the repetitions 
always should be better than the elements alone. 


was placed at the end of a 30-ft. alley which was painted a neutral grey 
and evenly illuminated to a level of 14 ft.-c. 


Stimuli. The basic elements in each visual pattern were two solid rectangles, 
14 X Vp in. The horizontal space between the two rectangles varied from 1⁄4 — Ye 
in. in Yg-in. steps. At the viewing distance of 26 ft. 10 in., these steps gave separa- 
tions of 234, 21%, 2, 13%, and 1% min. of visual angle. This variation in the 
horizontal dimension was used to measure discrimination. 

Two degrees of spatial separation in the vertical dimension were used. In one, 
the 'near-condition,’ the top of the first rectangle was in line with the bottom of 
the second. In the other, the ‘far-condition,’ 146 in. or 11.3 min. separated the two 
rectangles. A scale-drawing of the variations in the spacing of the basic elements 
is given in Fig. 7. ; 

Five patterns were used: the basic elements, two and four repetitions of the basic 
elements, the triad, and the pyramid. The schematic drawing of the auditory pat- 
terns in Fig. 2 is equally applicable to the visual patterns, except that the 50-m.sec. 
interval is 4 in. in the visual patterns. When other rectangles were added to the 
basic elements, a constant, horizontal spacing of 1⁄4 in. was used, with only the top 
rectangle changed in spacing in relation to the others. Thus, as the top rectangle was 
moved to the left, the distance between it and the rectangle on its right was in- 
creased proportionately. Each of the variations of the patterns was drawn on its own 
3 X 5-in, card. Two drawings were made of each variation. 
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Presentation of stimuli, The ABX method was used as in the auditory part. O 
was presented with three cards in succession and asked whether the third pattern 
was like the first or the second. The three cards varied in the amount of horizontal 
displacement between the basic elements. 

Preliminary observations showed that O's discrimination of the difference in 
spacing was extremely acute. No standard, therefore, was used, as was the case in 
the auditory problem, but rather each variation in Spacing was combined with every 
other variation to obtain as fine a measure as possible. Thus, the %49-in. spacing 
between elements was combined in ABX series with %o in.; 74s in. was combined with 
the 9%9 in.; %$2 in. with 5¢2 in.; and so forth. All such combinations, in which the dif- 
ference to be discriminated was 442 in. (14 min.), are called the one-step differ- 
ences. All combinations of %ə-in. (24 min.), %o-in. (1 min.), and 44p-in. 


aaa See 
SEPARATION BETWEEN ELEMENTS 


Fic. 7, SCALE-DRAWING OF THE BASIC ELEMENTS UsED 
IN THE VISUAL PATTERNS 


1% min.) differences also were used. Sixteen Presentations of each step-difference 
of a given pattern were made in random order in one session. Two sessions were 
given on each pattern, yielding 32 judgments by each O for each of the one-, tw0-, 
three-, and four-step differences, 

At the beginning of each session, the series of five variations of the pattern were 
shown simultaneously to the O that he might see the differences to be discriminated. 
The cards then were removed and thereafter presented singly. Each card was €x- 
posed for 5 sec. with about 0.5 sec, between exposures in the same ABX series. The 
O was instructed to guess if he could not tell the difference between the patterns. 

Four Os were used, all of whom had normal visual acuity of about 20/15 as 
measured by the Snellen Letter Chart, The order in which the patterns were prê- 
sented was randomized except that each O completed all the patterns before repeat- 
ing them the second time, 


Results, The average results of the four Ss are presented in Fig. 8 with 
the percentage of correct responses plotted as a function of the visual 


angle to be discriminated. The effect of the vertical spatial separation on 
the discriminative functions is shown separately for each pattern, the near- 
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separation always resulting in better discrimination than the far. The 
same superiority of near over far was found in the curves of each 
individual, although there were individual differences in the over-all level 
of discrimination. 

The curves for the basic elements presented alone show that a differ- 
ence of 1⁄4 min, of visual angle could not be discriminated as different 
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by the Os. With larger visual angles, performance improves, the 75% 
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Fic. 8. RESULTS FOR THE Two DEGREES OF VERTICAL 
SEPARATION IN EACH OF THE PATTERNS 


point falling at about 34 min. for the near-condition and at about ¥% min. 
for the far-condition. 

Further inspection of Fig. 8 shows that, both in the near- and far- 
Condition, repetition improves discrimination, although four repetitions 
are no more helpful than two. The triad and the pyramid yield better 
discrimination than the basic elements, although the pyramid is no better 
than the triad. 


Discussion 


The effect of the frequency-separation of tones upon perception of 
sound-patterns, found by Miller and Heise, has been reproduced here 
under quite different conditions. It will be remembered that Miller and 
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Heise found a large frequency-separation between one of the tones in a 
pattern caused it to ‘pop’ out of the pattern.® It was pointed out previously 
that this effect should manifest itself in poorer temporal discrimination be- 
cause the time-relations between an ‘isolated’ tone and the rest of the 
pattern should be more difficult to judge than the relations between tones 
all of which are in a single pattern. This expectation has been confirmed: 
the results show that temporal discrimination is poorer for the tone 
separated from the rest of the pattern by a greater difference in fre- 
quency. 

A comparison of the results of the visual experiment with those from 
the auditory one reveals that one of the two major effects studied, that 
of the separation between elements, yielded the same result in both modali- 
ties. For both vision and audition, increasing the separation between the 
elements resulted in poorer discrimination under every condition, This 
then is direct support for the supposition that the spectrographic trans- 
form preserves the organization of the stimuli. 

When the effect of the second major variable is considered, the results 
are not so definitive. One point is in complete agreement; patterns formed 
by repetitions of the basic elements improve discrimination in both senses, 
the differences between the repeated patterns and the basic elements alone 
being highly significant. Furthermore, it may be concluded that, while 
there is an advantage to be gained by repeating the basic elements once, 
there is no further advantage in increasing the number of repetitions. 
This is true for both vision and audition, 

Further consideration of the effects of pattern-types, however, reveals 
an interesting discrepancy. The auditory triad yielded the poorest discrimi- 
native functions, while the visual triad was superior to the other pat- 
terns, Again, the basic elements ranked second to the repeated patterns 
in audition, while in vision this pattern was consistently the poorest. 

This result indicates that the importance of some factor has been un- 
derestimated in the visual system, A possible consideration is that sym- 
metry of pattern plays an important part in visual discrimination but not 
in auditory. Evidence for this supposition is provided by the Os who 
participated in the visual work. Each of them reported individually and 
spontaneously that judgments of the repeated patterns, under the far- 
condition, were impossible by trying to look at all of the elements. They 
used instead only the first three elements and made their judgments on 
this basis, the problem now being one of symmetry, and identical to the 
eee ae 


——— 


° Heise and Miller, op. cit., this JOURNAL, 72. 
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far triad, except that they had to ignore the unwanted elements. Further 
study is required to determine whether a comparable factor can be found 
in audition by varying the conversion-factors on the axes of the spectro- 
graphic transform, or whether this is a factor specific to vision for which 
there is no transformation comparable in audition. 


SUMMARY 


The effect of two variables on temporal discrimination in auditory 
patterns and on spatial discrimination in visual patterns was measured. 
The two variables were the type of pattern, or the manner in which the 
elements were combined, and the degree of separation between elements. 
The patterns were transformed between the two senses by making fre- 
quency in audition comparable to the vertical dimension of visual space, 
and time in audition comparable to the horizontal dimension of visual 
space, 

Temporal discrimination in auditory patterns was better when the ele- 
ments in the pattern were of relatively near frequencies than when they 
were widely separated. This outcome was in accord with the visual result 
of better spatial discrimination when the elements were close together in 
the vertical dimension than when they were far apart. 

Temporal discrimination also varied with the type of pattern in which 
the discrimination was imbedded. One repetition of the basic elements 
improved discrimination, but there was no further increase with further 
repetitions. The same result was found for visual (spatial) discrimination. 
The additional elements provided in the non-repeated patterns, as the 
triad and pyramid, did not aid discrimination in audition, but did improve 
it in vision. 


PROBABILITY-MATCHING IN THE FISH 
By Erika R. BEHREND and M. E. BITTERMAN, Bryn Mawr College 


The only animal other than man which has yielded unequivocal evi- 
dence of probability-matching is the African mouthbreeder, Tilapia 
macrocephala.* In the first of two exploratory investigations reported sev- 
eral years ago, a small number of these fish were trained on a simultaneous 
horizontal-vertical discrimination with response to one of the stimuli rein- 
forced on a random 709% of trials and response to the other reinforced on 
the remaining 30% of trials. This distribution of reinforcements was 
ensured by the use of a ‘guidance’ procedure: if on any trial the unrein- 
forced stimulus was chosen initially, it was removed, and $ was permitted 
to earn a reinforcement for response to the other. Under these conditions, 
each animal in the group developed a stable tendency to choose the more 
frequently reinforced stimulus approximately 70% of the time. In the 
second experiment, the same animals were trained with two gray stimuli 
on a 70:30 spatial problem. Again, matching developed, although the 
preference for the more frequently reinforced position shifted rapidly 
from 70% to 100% when guidance was abandoned in favor of a pure 
noncorrectional method. Analogous experiments with rats and with mon- 
keys have yielded no indication of matching. These animals maximize; 
that is, they tend to choose the more frequently reinforced stimulus al- 
most 100% of the time.* The experiments reported in the present paper 
were designed to provide further information on the course of probability- 
learning in the mouthbreeder and the conditions under which matching 
occurs. 

A secondary concern of the present work was with the course of habit- 
reversal after inconsistent reinforcement, The results for mammals are 


a 
* Received for publication July 15, 1960. Thi rant 
SEA S f: ies Institute of Mental oP Brest om 
. E. Bitterman, Jerome Wodinsky, arati 

papehaldsy, this JOURNAL, 7, oe aky, aid D. K. Candland, Some comparative 
Bis rg de and Candland, op. cit, 103-108; Allen Parducci and 
a ton vs. noncorrection with changi: i chedules, J. 

comp. physiol. Psychol., 51, 1958, 492-495; W., rt: Wile je magn 
Bisset es behavior of rhesus monkeys in a noncontingent situation, J. exp- 
Psychol, 58, 1959, 174-180; Wilson, Two-choice behavior of monkeys, jbid., 59: 
1960, 207-208; D. R. Meyer, The effects of differential probabilities of reinforce- 
oe discrimination learning by monkeys, J. comp. physiol. Psychol., 53, 1960, 
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suggestive of the paradoxical effect of partial reinforcement on resistance 
to extinction; for example, rats reverse less rapidly after 67:0 than after 
100:0 training,’ and monkeys reverse less rapidly after 60:40 than 
after 60:0 training.* Since mouthbreeders do not show the paradoxical 
effect in simple instrumental training—their initial resistance to extinction 
is reduced by partial reinforcement*—there was reason to be curious 
about the readiness with which they would reverse a preference estab- 
lished with inconsistent reinforcement. 


METHOD 


Subjects. The 16 animals used were not experimentally naive. All had had 
rather extensive training in a simple instrumental (single-target) situation and 
some limited extinction-experience. 

Apparatus, The technique employed was an extension of that described by Longo 
and Bitterman’ Two interchangeable targets of light metal—in this case, one black 
and one white—were introduced into S’s individual 2-gal. living tank, as shown in 
Fig. 1. The targets were mounted on light rods inserted into the needle-holders 
of crystal phonograph-cartridges. The outputs of these cartridges were amplified 
and used to operate a set of relays. (Such a system is extremely sensitive to contact 
of fish and target, which, of course, is precisely what it was designed to detect.) 
The reinforcement was a pellet of food (Aronson’s mixture) dropped into the 
water by an automatic feeder. Either of the two targets, or both of them together, 
could be introduced into the water, or withdrawn from it, by E, as indicated in 
Fig. 1. The fish was brought to the experimental situation in its living tank, the 
long sides and the back of which were painted in such a way that they admitted 
only diffuse light. The front of the tank, which was of clear glass, was set before 
a gray-painted background against which the targets were seen. : 

Procedure. After several days of pretraining in the new situation, during which 
the animals learned to strike at both targets readily, there were two days of 50:50 
training with guidance, during which the preferences of the animals were €s- 
tablished. Then the animals were divided into two groups of 8 Ss each, matched 
for the direction and strength of preference, and experimental training was begun. 
The problem was a confounded brightness-position discrimination (the black target 
always in one position and the white target always in the other). With minor 
exceptions (to be noted later) there were 20 massed trials per day. In some stages 
oo | eS oe 


*J. H. Grosslight, J. F. Hall, and Winfield, Reinforcement schedules in habit 
reversal—a confirmation, J. exp. Psychol, 48, 1954, 173-174. T 
ms C. B. Elam and D. W. Tyler, Reversal-learning following partial reinforcement, 
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and M. E. Bitterman, The effect of partial reinforcement with spaced practice on re- 
sistance to extinction in the fish, J. comp. physiol. Psychol., 53, 1960, 169-172. 

* Longo and Bitterman, Improved apparatus for the study of learning in fish, this 
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of training, guidance was used and in other stages it was not. Guidance involved 
the withdrawal of both targets after an unreinforced response and the reintroduction 
only of the target which was positive on that trial. In the final stage of training, 
guided choices of this kind sometimes were scheduled quite independently of erron- 
eous choices. 

RESULTS 


Experiment I. In the first experiment, both groups were trained, with 
guidance, against the preferences demonstrated in pretraining. 


One group was put on the 100:0 problem, and the second group was put on the 
70:30 problem. For the 70:30 group, reinforcements of the minority stimulus were 


Fic. 1. DIAGRAM OF THE EXPERIMENTAL 
SITUATION 


randomized over blocks of 10 trials, with the restrictions (1) that there could be 
no more than two such reinforcements in succession, and (2) that there should be 
at least one in each block of five trials. On Day 25, both groups were shifted to the 
0:100 problem, the former minority stimulus now being consistently reinforced. 
Training on this problem continued through Day 38, 


Plotted in Fig. 2 are the daily percentages of preference for the stim- 
ulus more frequently reinforced at the outset of training, The curves 
begin at a low level, because the animals were trained against their orig- 
inal preferences, and then rise tapidly, the 100:0 curve to a very high 
level, and the 70:30 curve to the 70% level. The matching shown by the 
70:30 curve is not merely a group effect, but an individual phenomenon; 
the preferences of individual Ss averaged over Days 4-24 range from 
59-76% with a mean of 68%. The individual preferences for the 100:0 
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group averaged over Days 7-24 range from 93-99% with a mean of 96%. 

Shifted to the 0:100 problem, both groups reversed rapidly. After the 
first day or two on the new problem, their performance was almost identi- 
cal. Since the curve for the 100:0 group begins at a higher level, its 
initial rate of change is greater, but there is no hint of cross-over, Un- 
fortunately, there is no directly analogous mammalian experiment which 
may be compared with this one, but extrapolation from available mam- 
malian data suggests that the results of a directly analogous experiment 
would be rather different than those pictured here. 


PREFERENCE 


PERCENT 


Fic. 2. PERFORMANCE IN EXPERIMENT I 
(One group was trained on the 100:0 problem, a secon 
group on the 70:30 problem, then both were shifted to the 


0:100 problem. Guidance was used throughout.) 


70:30 problem having been 


Experiment 1I. Earlier findings for the 
tep was to extend the search 


confirmed in the first experiment, the next sl 
for matching to other probability-ratios. 

al groups of fish were split to form two new groups, 
equated for original group-membership and for performance in the first stage of the 
experiment. One of the new groups was put on the 20:80 problem and the second 
on the 40:60 problem for 22 days, after which both groups were shifted to the 
50:50 problem for 17 days. Guidance was used throughout. In the 20:80 training, 
one reinforcement of the minority stimulus was scheduled at random for each block 
of five trials, In the 40:60 training, there were two such reinforcements in each 
block of five trials and no more than two in succession. In the 50:50 training, the 
Positive stimulus was designated according to selected Gellermann-orders. 


The performance of the animals in the second experiment is plotted 


In this experiment, the origin 
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in Fig. 3.1 The points for Day 38 show the performance of the two 
groups on the last day of 0:100 training. Thereafter, the two curves 
separate, approaching different asymptotes in negatively accelerated fash- 
ion. The 20:80 group tends at asymptote to choose the minority stimulus 
approximately 209 of the time. Over Days 48-60, the individual prefer- 
ences range from 11-23% with a mean of 19%. The curve for the 40:60 
group tends somewhat to undershoot the 40% level, the mean for Days 
48-60 being 34% and individual scores ranging from 30-48%. There is 
no overlapping whatsoever between the two groups, either in daily means 


PERCENT PREFERENCE 
o, 5 ¢ 


DAY 


Fig. 3. PERFORMANCE IN EXPERIMENT II 


(One group was trained on the 20:80 problem, a second 
gtoup on the 40:60 problem, then both were shifted to the 
50:50 problem. Guidance was used throughout.) 


or in terms of individual preference-levels. It should be noted that an 
inctease in preference for the minority stimulus as animals are shifted 
from 0:100 to 20:80 or 40:60 means a decrease in the number of initial 
reinforcements, although (with guidance) the total number of reinforce- 
ments remains the same. 

During the period of 50:50 training, the mean preferences of both 
groups shift once more, this time to the 50% level. The change in ratio 
of reinforcement is reflected in the performance of each animal in each of 
the two groups. Individual preferences averaged over Days 67-77 range 
from 31-69%. Confronted with insoluble problems of this sort, mam- 
mals develop strong preferences for one or the other of the stimuli. Group 
curves may run along at the 50% level, but only because the two stimuli 
are fixated by equal numbers of Ss.8 

In Fig. 4, the average deviation of individual asymptotic preferences 

ee 


"The curves are based on the data fo 
in the course of the experiment. 
* Meyer, op. cit., 174. 


r 7 Ss in each group, 2 Ss having been lost 
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about asymptotic preferences for the group are plotted for the probability- 
ratios studied in Experiments I and II. As the curve shows, variability de- 
creases monotonically as the ratio deviates from 50:50. 


Experiment II, For the third experiment, two new groups of animals 
were constituted, matched for performance in the second phase of Experi- 
ment II, and both groups now were trained, without guidance, against 
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(The measure of precision is the average de- 

viation of the preferences of individual Ss from 

the mean preference of the group. The curve is 

based on the data of the first two expert- 
ments.) 


whatever preference was manifested in that performance, one on the 
100:0 problem and one on the 70:30 problem. 

The purpose of the work was to check on the earlier conclusion of Bitterman, 
Wodinsky, and Candland that guidance is essential for matching.” After 21 days, 
both groups were shifted to the 0:100 problem. With the use of a noncorrection 
method, the amount of food earned by $ depended on its choices; total daily in- 
take was equated in supplementary feedings, the number of pellets given each S 
being equal to the number of errors plus two. 


_ The performance of the two groups is plotted in Fig. 5. The first point 
is for the last day of the previous experiment, and it is below the chance- 


? Bitterman, Wodinsky, and Candland, op. cit., 106. 
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level because the initially preferred stimulus was the minority stimulus, 
Thereafter, both curves rise in negatively accelerated fashion to a high 
level. That is, the 70:30 group maximizes rather than matches, a result 
which confirms the earlier conclusion. Before the point of shift, the per- 
formances of the two groups are, in fact, statistically indistinguishable. 
After the shift, too, the two groups perform in comparable fashion ; that 
is, inconsistent reinforcement neither increases nor decreases the difficulty 
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of habit-reversal. Again, a directl 
not available, but existing 
yield rather different results, 


y analogous mammalian experiment is 
data suggests that such an experiment would 


Experiment WV. Matching appears when guidance is used but not in 
simple, noncorrectional training. Will any procedure which ensures a cer- 
tain distribution of reinforcements between 


sponding distribution of choices? The four 
answer this question. 


two stimuli produce a corre- 
th experiment was designed to 
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In the first stage of the experiment, a procedure used by Ramond in work with 
the rat was adopted.” Each animal was given 21 trials per day: seven i 
on which preference was measured, with both levers being presented and either 
response reinforced; and 14 guided trials with the two targets individually, which 
brought the total number of reinforcements to 14 for one of the targets and 7 for 
the other. For each animal, the majority stimulus was the one against which it had 
been trained in the previous experiment. 


The results are shown in the first portion of Fig. 6. Each of the 14 
animals developed a substantial preference for one of the two targets (8 
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Fic. 6. PERFORMANCE IN EXPERIMENT IV 


(In the first stage of training, all responses were reinforced, and 

guided trials were used to produce a 66:33 reinforcement-ratio. In 

the second stage, choices were reinforced on a 50:50 basis, and addi- 

tional guided trials were used to produce a 70:30 reinforoement-ratio; 

In the third stage, choices were reinforced on a 100:0 basis, anı 

guided trials were used to maintain ee over-all 70:30 reinforcement- 
ratio. 


for the majority target and 6 for the minority target), the curve for the 
group as a whole therefore showing no preference. Under similar condi- 
tions, Ramond’s rats developed a transient group-preference for the ma- 
jority target which disappeared with further training, but not even a 
transient group-preference was shown by the fish, Whatever this difference 
may mean, the results for the fish indicate that controlling the distribution 
of reinforcements with guided trials is not enough to produce matching. 
eee ee cere es ee 


"C, K, Ramond, Performance in selective learning as a function of hunger, J. 
exp. Psychol., 48, 1954, 265-270. 
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The second stage of this experiment was designed to test the hypothesis that 
guided reinforcements would be effective only if they directly followed unrewarded 
choices. All animals were given 20 trials per day. Ten were 50:50 choice-trials with 
guidance following unreinforced choices. The rest were randomly interspersed 
guided trials, one to the target preferred in the preceding phase of the experiment 
and nine to the other target. If the animals were influenced by al! guidances, they 
should match at the 70% level, because there were, in all, 14 reinforcements to 
one target and 6 reinforcements to the other. If only the guidances which followed 
unreinforced choices were effective, the animals’ should match at the 50% level. 


The results are plotted in the middle portion of Fig. 6, As the curve 
shows, matching at the 70% level appeared. Averaged over Days 126-136, 
the individual preferences for the more frequently reinforced stimulus 
range from 41-81% with a mean of 68%. (Without one animal which 
began with a very strong preference for the minority stimulus, the range 
of individual preferences is 61-81% and the mean is 70%. The prefer- 
ence of the deviant animal for the majority stimulus increased progressively 
from day to day to reach the 70% level on Day 136.) The results suggest 
that all of the guided reinforcements were effective, not only those which 
immediately followed unreinforced choices, 


In the third stage of the experiment, each animal again was given 20 trials per 
day. Ten were 100:0 choice-trials with guidance after error, the majority stimulus 
of the previous stage being consistently reinforced. The rest were randomly inter- 
spersed guided trials so distributed as to maintain a 70:30 ratio of reinforcement; 
that is, there were four reinforcements for the target which was consistently rein- 
forced on the choice-trials and six reinforcements for the other target. 


x The results are plotted in the third portion of Fig. 6. From the match- 
ing of the second stage of the experiment, there is an unmistakable shift 
a Pera. in the third, with every fish showing a marked and progres- 
Sive Increase in preference for the majority stimulus, The conclusion sug- 
Bests i ae that some inconsistency of reinforcement on choice-trials is 
essential if supplementary guided reinforcements are to influence choice. 


SUMMARY AND CONCLUSIONS 


In a series of experiments with a confounded visual-spatial discrimina- 
tion, probability-learning in the African mouthbreeder was studied, When 
guidance was used to control the distribution of reinforcements between 
two stimuli—/.e. when, after each unreinforced response, the positive 
stimulus alone was introduced and the animal reinforced for response to it 
—probability-matching appeared in 80:20, 70:30, 60:40, and 50:50 prob- 
lems. Precision of matching, as measured by the deviation of individual 
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preferences from group-values, increased progressively as the ratio of rein- 
forcement decreased from 100:0 to 50:50. The results confirm and extend 
earlier findings on probability-learning in the mouthbreeder, lending em- 
phasis to what seems to be an important functional difference between fish 
and mammal. 

With guidance eliminated—i.e. when a simple noncorrectional method 
was employed—matching gave way to maximizing. Matching also disap- 
peared when nonreinforcement was eliminated and the ratio of reinforce- 
ment maintained with guided trials alone—i.e. with reinforced responses 
to individually presented stimuli; nor could matching be demonstrated 
when a given stimulus was consistently positive on choice-trials and an 
intermediate ratio of reinforcement was maintained with interspersed 
guided trials. Some inconsistency of reinforcement apparently is necessary 
on choice-trials if the fish is to develop a preference-ratio corresponding 
to the over-all ratio of reinforcement. When 50:50 choice-trials were 
mixed with guided trials to give an over-all 70:30 ratio of reinforcement, 
a 70:30 distribution of choices developed. Clearly, the context in which 
reinforcement is given has considerable importance. Results of this sort 
highlight the limitations of the so-called mathematical theories which 
have been developed to deal with behavior in choice-situations.™ 

In two experiments, the ease of habit-reversal after 100:0 as compared 
with 70:30 training was studied, in one case when the use of guidance had 
led to different pre-reversal asymptotes, and in another case when the 
climination of guidance had led to maximizing in both groups. In neither 
experiment was reversal retarded by inconsistent reinforcement. Directly 
analogous mammalian experiments are needed to assess the relation of 
these results to the data on extinction following partial reinforcement in 
simple instrumental situations. 


R, R. Bush and Frederick Mosteller, Stochastic Models for Learning, 1955, 
1-365; R. R. Bush and W. K. Estes, (eds.), Studies in Mathematical Learning 


Theory, 1959, 1-432. 


EFFECTS OF SLEEP-DEPRIVATION AND CHLORPROMAZINE 
ON SIZE-CONSTANCY JUDGMENTS 


By V. R. CARLSON, National Institute of Mental Health 


In a previous study, the hypothesis was developed that overestimation in 
the size-constancy experiment is due to O's assumption of the perspective 
attitude and his motivational reaction to the experimental situation." Briefly, 
the argument is that instructions to make a match in terms of objective 
size favor a bias leading to overestimation of the size of a distant object. 
Instructions to make a match on the basis of apparent visual size tend to 
eliminate this bias, provided that the implication of an analytic task is not 
introduced, resulting on the average in an accurate physical match with no 
systematic error as a function of distance. This difference between instruc- 
tions of apparent- vs, objective-size was demonstrated in the previous ex- 
periment. The present study explores the motivational aspect of this formu- 
lation. 

People deprived of sleep can and often do perform at or near normal 
levels of competence, although they may not be able to maintain an 
efficient level of continuous performance for very long.* This seeming lack 
of impairment in capacity often has been attributed to increased effort 
which compensates for losses that would otherwise be evident. Without 
implying that increased effort actually does operate to better performance, 
it seems quite likely that O's expectancy is one of impaired functioning for 
which he must compensate if he is to perform as well as normal. Given 
also the assumption that the natural criterion for competent performance 
in the size-constancy situation is the ability to make an accurate judgment 
of physical size, then sleep-deprivation, as a motivating condition, should 
favor a response-set similar to that normally introduced by objective in- 


* Received for publication July 2, 1960. The author is i 
) j È } or is indebted to Mr. Eugene 
Tassone for assistance in the collection and analysis of the data. 4 


Carlson, Ov PRR Erh ) 7 
1960, 199-213. erestimation in size-constancy judgments, this JOURNAL, 73, 
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structions. According to the present argument, the result would be over- 
estimation of actual size in spite of instructions to match for apparent size. 

Williams, Lubin, and Goodnow have been able to reconcile many of the 
apparently inconsistent results of studies on sleep-deprivation on the basis 
of an hypothesis of lapse.* Rather than a gradual and continuous impair- 
ment in performance, intermittent periods of lowered responsiveness are 
postulated. Qualitatively normal performance can be achieved between 
such lapses, and, if the task does not require response during lapses there 
may be no evidence of impairment. In this sense, the task of judging 
size-constancy avoids the probability of a decrement in performance, 
since judgments are made only when O is relatively alert and responding. 

The psychological state induced by chlorpromazine is similar in a num- 
ber of respects to that resulting from sleep-deprivation. With chlorproma- 
zine, however, O exhibits little, if any, evidence of a compensatory drive 
to make up for possible deleterious effects of the drug on performance.* 
Chlorpromazine would, therefore, appear to be an appropriate comparison 
for the postulated motivational effect of sleep deprivation on judgments 
of size. 

METHOD 

This experiment was undertaken in conjunction with an evaluation of the effects 
of dextro-amphetamine on some other kinds of performance with the same Os.° 
Although no hypothesis with respect to possible effects of dextro-amphetamine on 
judgments of size-constancy was being tested, the judgments of size were also 
obtained under that condition, and they always followed approximately after an 
hour of testing on several other visual-motor tasks. No discernible complications 
arose, however, due to the combining of the two experiments. 

The task, apparatus, and stimulus-conditions were the same as those used in an 
earlier study. Administration of drugs and placebo was oral, in identical capsules, 
and the Os did not know what particular drugs were being used. 

Observers. The Os were 7 men and 7 women, 18-25 yr. of age, from a popula- 
tion of normal volunteers for medical research. Os from this population have been 
compared with college students on the procedures used here and no significant dif- 
ferences in performance were found. One O, a woman, exhibited undue elevation 


*H. L. Williams, Ardie Lubin, and J. J. Goodnow, Impaired performance with 
acute sleep loss, Psychol. Monogr, 73, 1959, (No. 484), 22-24, ucla 

*J, A. Starkweather, Chlorpromazine, reserpine, and meprobamate: psychologica 
effects, in J. O. Cole and R. W. Gerard (eds.), Psychopharmacolog A problemas: in 
Evaluation, 1959, 501-506; Abraham Wikler, The Relation of Psychiatry to Phar- 
macology, 1 38, 

"Conn PSS ie F. Mirsky, E. K. Kessler, and J. E. Dorff, The effects of 
dextro-amphetamine on behavioral deficits produced by sleep loss in humans, 
i harmacol 127, 1959, 46-50. 

Carlson, op, cit., 201-203. 
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medically inadvisable for her to continue in the experiment. She did not, therefore, 
participate in the second sleep-deprivation and chlorpromazine conditions. 

Task and apparatus. O adjusted a variable triangle at a distance of 10 ft. to 
match a standard triangle at 40 ft. The lateral separation between the two was 20°, and 
both were approximately at O's eye-level. The task was performed under full il- 
lumination with free binocular regard in a 10 X 50-ft. room containing numerous 
miscellaneous objects. 

Instructions. For the judgments of apparent size, O was told: 


So adjust the variable triangle that it looks equal to the standard in apparent 
visual size. It may also be equal in actual physical size at that point, or it may not 
—we are not concerned about that. Try to adjust the variable that it appears equal 
to you visually, whether you think it is equal in actual size or not. 


For objective size, O was told: 


So adjust the variable triangle that it is, as best you can judge, equal in actual 
physical size to the standard,—that, if you were to measure them both with a ruler, 
they would be the same size. They may also look equal to you in apparent visual 
size or they may not—we are not concerned about that. Try to adjust the variable 


that you think it is the same actual size as the standard whether it appears equal 
to you visually or not. 


These instructions were developed to satisfy the following criteria: (a) if there is 
no natural tendency for O to differentiate conceptually between apparent size and 
physical size, he must not be forced to do so artificially, and (b) if O does make 
a distinction between these two concepts, he must not be left in doubt as to which 
one he should apply in making his response. 

After the first day O was also asked: “How does the (standard) triangle look 
today? Can you see it clearly? Does it look any different to you today, or the same 
as before?” No special effort was made, however, to elicit subjective reports beyond 
the answers O volunteered to these questions, 

The triangles, isoceles with an altitude-to-base ratio of 1.39, were cut from white 
cardboard. Each was mounted on an apparatus which allowed the triangle to be 
adjusted vertically through a slot against a 30 X 36-in. black felt background. The 
standard triangle Was set at three primary values, 44, 117, and 159 mm. in altitude. 
Four additional values were used on both sides of 117 mm., spaced in steps of 3.2 
mp: These were included to maintain the appearance of a relatively large number 
of standards and also to obtain a measure of sensitivity to small differences in the 


size of the standard. The 11 valu ice i 
; l es of the stan bes 
domized order at each session, — ie 


Sleep-deprivation. Maintenance of 


1 wakefulness began at 8:00 A.M. on Sunday of 
a given week and continued until 8: fo 


à 00 A.M. the following Wednesday. The testing 
Sessions were begun 45.5 and 69.5 hr, after the start of BM leorion, the size- 
Bass judgments were obtained at approximately 47 and 71 hr. The same 
pa m Ta was repeated with the same group of Os during the next Sunday-to- 

nesday period. The Os were sleep-deprived in groups of 3-4 on succeeding 
two-week periods. During sleep-deprivation, the Os were under continuous observa- 
tion and supervision by the nursing and attendant staff on a ward equipped and 


operated similarly to that of a modern hospital. The Os had free access to the 


recreation and day-rooms, and were allowed to i iviti i 
, x aint- 
ing, playing cards or pool, and so forth. heed ea 
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Chronological order of conditions. The order of conditions was as follows: 


(A) Apparent-size instructions: 
(1) Placebo; 
(2) Sleep-deprivation; 
(a) Placebo at 44 hr.; 
(b) Placebo at 68 hr.; 
(3) Sleep-deprivation; 
(a) Dextro-amphetamine (10 mg.) at 44 hr.; 
(b) Dextro-amphetamine (15 mg.) at 68 hr.; 
(4) Placebo; 
(5) Chlorpromazine. 
(B) Objective instructions: 
(1) Control (no drug, placebo, nor sleep-deprivation) ; 
(2) Control (no drug, placebo, nor sleep-deprivation). 


Several days to a week elapsed between successively numbered conditions. 

Secondary control experiments, Chlorpromazine constricts the pupil without pro- 
ducing any noticeable impairment of vision, Os under sleep-deprivation sometimes 
have reported visual symptoms such as blurring or diplopia, but impairment on 
tests of purely visual function is apparently not a significant accompaniment of 
sleep-loss Even if some oculomotor impairment did occur, it would probably not 
have important effects on judgments of size under the present conditions, since the 
images of the standard and variable test-objects would not only have to be affected 
differentially with respect to each other but probably also differentially with respect 
to the immediate context of visual stimulation in which each occurs. Furthermore, 
it is difħult to deduce a predictable consequence of visual impairment on the size- 
judgments except on the basis of a general reduction in the normal cues to depth- 
perception. Reduction-conditions favor matches tending in the direction of projec- 
tive size, a tendency which would be opposite to the effect hypothesized here. 
Nevertheless, this matter was checked with two additional groups of Os from the 
same population as those in the main experiment. These Os performed the same 
size-constancy task with apparent-size instructions after topical administration of 
drugs to the eyes. 

Ten Os received three successive instillations of two drops in each eye of the 
following drugs on different days: pilocarpine (1% solution), Neo-Synephrine 
(10% solution), and sodium chloride (0.9% solution). Another group of 16 Os 
was similarly administered homatropine (2% solution) on one day and sodium 
chloride (0.9% solution) on another day. Pilocarpine constricts the pupil and 
causes spasm of accommodation. Homatropine dilates the pupil and causes paralysis 
of accommodation, Neo-Synephrine dilates the pupil with essentially no effect on ° 
accommodation” Administration of saline served as a control condition. g 

The order of receiving these drug-conditions was counterbalanced among the 
Os, and at least one day intervened between successive conditions. At each ex- 
perimental session, pupil-size was measured by comparing O's pupil with a series of 


"Edwards, op. cit, 88; Kleitman, op. cit, 305-306; Tyler, op. cit, 254-2555 

ilkinson, op. cit, 1. i : 3 

The effects of these drugs on ocular-motor adjustment are discussed in detail by 
K. W. Christoferson and K. N. Ogle, The effect of homatropine on the accommo- 
dation-convergence association, A. M. A. Arch. Ophthal., 55, 1956, 779-791; F. C. 
abin and K. N. Ogle, Accommodation-convergence association, A. M. A. Arch. 
Opbthal., 59, 1958, 324-332. 
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black solid circles drawn on a card held next to the eye, and visual acuity was 
tested with a Bausch and Lomb Ortho-rater. 


RESULTS 


A score of size-constancy for each O under each condition was computed 
as the average ratio of O's setting of the near variable to the actual size 
of the far standard for the three main sizes of the standard triangle (44, 
117, and 159 mm.). A ratio greater than 1.00 indicates overestimation of 
the standard. Reliability coefficients for the various conditions (correla- 
tions between the scores obtained on different days) ranged from 0.82 
to 0.95. There were no significant mean-differences between the first 


TABLE I 


AVERAGE RATIOS OF Os’ SETTINGS OF NEAR VARIABLE TO 
ACTUAL SIZES OF Far STANDARD 


(N =14, except for chlorpromazine where N = 13.) 
Significant differences* 


Condition Mean SD 
1.00 (1) (2) (3) () 
Bi rye instructions 
1) Placebo 1.12 0.16 a H 
(2) Sleep-deprivation Doe 0.20 + + = + z 
(3) Chlorpromazine 1.09 0.23 Ce en 


Objective-size instructions 
(4) Control 1:32" ‘0:24 ee =+ 


: * The t-test between correlated means was used and p<0.05 was taken as the con- 
dence level. Significant values are not altered if data for the O not present in the 
chlorpromazine-condition are omitted from all comparisons. 

f Value for objectively correct match, 


and second placebo-conditions, between the two control sessions with ob- 
jective instructions, nor among the four conditions of sleep-deprivation. 
The separate values within each of these categories have therefore been 
averaged (Table 1). 

Placebos produced a statistically significant degree of overestimation, 
but sleep-deprivation produced greater overestimation, comparable to that 
obtained with objective instructions. The results with chlorpromazine were 
not significantly different from those with placebos or from a ratio of 1.00. 

The slightly differing values of the standard around 117 mm. were 
utilized to obtain two measures of precision within-Os, computed for each 
O separately and then averaged across Os; viz, (a) the SD of the ratios 
of O's settings to the values of the standard; and (b) the rank-order 
correlation between O’s settings and the values of the standard. These 
measures did not exhibit satisfactory reliability (average rır = 0.46 and 
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0.32 for the variability ahd) correlational measures, respectively). They 
are the only scores in the present data, however, which reflect any effect 
which can unequivocally be termed a decrement or impairment in per- 
formance. The several sleep-deprivation conditions were, again, not sig- 
nificantly different from each other, but the average sleep-deprivation 
scores were significantly different from those obtained with placebos 
(Table II). Under sleep-deprivation, the Os were somewhat more variable 
= and less sensitive to small differences in the standard triangle. Chlorpro- 
= mazine and objective instructions were without significant effect on these 
measures. 


There was ample confirmation of the presumption that the Os would meet the 
sleep-deprivation condition as a challenge. All Os displayed a good deal of initia- 


TABLE II 


WirHin-Os PRECISION AND SENSITIVITY TO SMALL CHANGES 
IN THE STANDARD TRIANGLE 


(N=14) 
Variability* Correlationt 
| Sleep- Sleep- 
Placebo deprivation Placebo deprivation 
Mean 0.084 0.101 0.707 0.539 
SD 0.023 0.023 0.172 0.173 
rt <0.001 <0.01 


* SD of the ratio of O’s setting to the value of the standard for the 9 values varying 
from 104.2 to 129.8 mm. È 5 
The coefficients of the rank-order correlation between O’s settings and the nine 
values of the standard varying from 104.2 to 129.8 mm. 
} Probability associated with the #-value for the difference between correlated means. 


tive in engaging in activities which would help keep them awake, with very few 
attempts at circumventing the no-sleep requirement, and no instances of overt re- 
luctance to continue in the project. During a series of size-constancy trials, O often 
would state that he was becoming drowsy and ask permission to stand up and walk 
around. Most Os failed to respond to the go-ahead signal on some trials. In these 
aig O was easily aroused, and he frequently voiced determination to try 
arder, 

The contrast with chlorpromazine was great. With this drug, all Os were pas- 
Sively resistant toward performing the task and expressed a desire to go to bed and 
be left alone, Nearly all had to be urged into doing the task, and some refused at 
first, claiming inability to walk to the experimental room, whereupon they would be 
taken there in wheel-chairs® Once the trials were actually started, all Os appeared 
ENE Rie 8 PRE 

"A co es of chlorpromazine is muscular weakness, 
and the cease Bi rg chars be conecierel large. Total daily doses as 
high as 1600 mg., however, have been used with some patients (L. S. Goodman 
and A. Gilman, The Pharmacological Basis of Therapeutics, 1955, 1067). 
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capable of executing the task, and their complaints were directed toward the task 
being “trying” and seeming to “drag on.” 

The general response to the questioning of O as to the visual appearance of 
the standard triangle during the sleep-deprivation and chlorpromazine conditions 
was that it looked about the same as in the first placebo-condition. With sleep- 
deprivation, some Os reported that greater effort was required to keep the triangle 
single-imaged and in focus, others did not. At their last sleep-deprivation session, 
two Os reported that the standard triangle looked farther away than it had pre- 
viously, but they made the same comment at the following (non-sleep-deprivation) 
placebo-session. Only one O reported an hallucination (a dancing dwarf which 
appeared briefly several times). There was no discernible relationship between subjec- 
tive reports and shift in size-constancy score from the placebo-value. The Os who 
reported subjective visual symptoms were, however, those who tended to produce 
the higher size-constancy ratios in all conditions. 


The control-experiments concerned with possible effects of changed 
ocular-motor function were completely negative. Although clear drug- 
effects on pupil-diameter and acuity-scores were observed, there were no 
significant differences in the judgments of size-constancy. The average 
size-ratio for all these conditions was 1.02, which was not significantly 
different from a value of 1.00. 


Discussion 
The high motivational state produced in this study by the experimental 
deprivation of sleep is descriptively similar to that reported by Mortis, 
Williams, and Lubin” Our Os yielded, however, fewer subjective 
symptoms than theirs. This might be due either to differences in sampling 
or to the fact we did not urge our Os to elaborate upon the subjective 
aspects. 

The moderate overstimation of size made in the control ( placebo) con- 
dition may represent a placebo-effect, since significant practice- and order- 
effects were not found in the previous experiment under the same stim- 
ulus-conditions.* Such placebo-effect would not be inconsistent with the 
present motivational hypothesis; but this overestimation might also be 4 
matter of error in the sampling of Os. An appropriate control by means 
of which it could be evaluated was not included, Otherwise, the theoreti- 
cal effects of sleep-deprivation and chlorpromazine seem to have been 
obtained. ó 

If O is more highly motivated to perform well, he tends, apparently, 
to overestimate the size of a distant object relative to a nearby object 
when he is asked explicitly to judge size. This generalization appears t 

SEE 


"G. O. Morris, H, L. Williams, and Ardie Lubin, Misperception and disorienta- 


tion during sleep deprivation, A. M. A. A ‘ 
"Carlson, op. cit, 204. Bees Tha, 2, 1960, 248: 


SIZE-CONSTANCY JUDGMENTS 559 


apply also to the results of Singer, who found that experimental frustra- 
tion changed his O’s judgments of size-constancy in the direction of over- 
estimation."? The circumstances of both experiments qualitatively suggest 
a defensive or compensatory reaction rather than a simple increase in 
effort, an interpretation which may also be consistent with the results of 
Sanders and Pacht.1* The latter investigators found a positive relation 
between degree of psychopathology and amount of overestimation. This 
does not mean that all psychotic patients will overestimate. In fact, they 
do not. It is interesting, however, that patients most likely to exhibit a 
superficially well-integrated but defensively compensative response—para- 
noid individuals—have shown overestimation in size-constancy judg- 
ments,15 

It is important to realize that these experimental results do not imply 
motivational, personological, or attitudinal effects on perceptual constancy 
as it occurs in functional commerce with objects in the individual's 
habitual, everyday environment. The present rationale assumes just the 
Opposite; namely, that perception under naturally-occurring circumstances 
is very generally veridical. On the basis of the perspective attitude, a 
nearer object should subjectively ‘look’ larger than a more distant one of 
equal size. If O were in a neutral motivational state with respect to the 
quality of his performance in the experimental situation, the two equal- 
sized objects would satisfy the perspective attitude, for the more distant 
one can be judged to occupy a smaller proportion of the visual field,*® 
and no corrective allowance for distance would be necessary in either an 
objective or a subjective sense. 

The present results with chlorpromazine would seem to be a particularly 
appropriate illustration of this argument. It is difficult to imagine any 
more neutral motivational state with respect to the experimental task than 
was exhibited by these Os. Under such circumstances it is postulated that 
O's response is most purely a function of the immediate, proximal stim- 
ulus-situation, uninfluenced by attitudinal response-biases. This indifferent 
psychological state is what, in the writer's opinion, E is usually trying to 
_ CO 


“J. L. Singer, Personal and one ar rege of perception in a size 
constancy experiment, J. exp. Psychol., 43, 1952, 420-427. “th 

™ Richard Talend Ji T pik, Perceptual size constancy of known clinical 
Broups, J. consult. Psychol., 16, 1952, 440-444. ; g y 

Edward Lovinger, Perceptual contact with reality in schizophrenia, J. abn. soc. 

Prychol. 52, 1956, 87-91; T. E. Weckowicz, Size constancy in schizophrenic pa- 
ients, J. ment. Sci., 103, 1957, 475-486. x f . 
P. ARRA Binih, poral constancy in schizophrenia: I. Size constancy, J. 
ersonal., 21, 1952, 176-187. 

“RB. Joynson, The problem of size and distance, Quart. J. exp. Psychol., 
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induce when he exhorts O to respond on the basis of how the stimulus- 
objects ‘look,’ a directive which is communicatively ambiguous at best. 

The fact that size-judgments appear to approximate constancy most 
closely in a neutral motivational state is of fundamental importance for 
perceptual theory. It suggests that perception of object-size does not start 
from angular retinal-image size, as such, and end up as a compromise 
between angular size and physical object-size.* Rather, veridical object- 
perception is the basic starting point, and judgments experimentally ob- 
tained can be influenced in either direction. If the influence, instructional 
or situational, is toward objective accuracy, ‘overconstancy’ is the result. 
If the influence is toward a judgment of how things ‘look,’ as distinguished 
from physical reality, then ‘underconstancy’ occurs. 

Both deviations can be derived by assuming the operation of the per- 
spective attitude, which says that a more distant object appears smaller 
than a nearer one of equal physical size. To achieve an objective match, 
there is no precise limit as to how large the nearer object can be, but it 
clearly cannot appear to be smaller in physical size without violating the 
perspective attitude. There is a one-sided opportunity for bias in the 
direction of ‘overconstancy.’ To achieve a match in terms of ‘apparent’ 
size, implying something different from objective size, there is no clear 
limit as to how small the nearer object can be relative to the farther one, 
ae 2 cannot appear to be larger in physical size. There is therefore a 
one-sided opportunity for bias in the opposite direction. 


SUMMARY 


On the hypothesis that overestimation in judgments of size-constancy 
depends upon O's assumption of the Perspective attitude and his motiva- 
tional effort toward objective accuracy, it was predicted that sleep-depriva- 
tion would produce overestimation of size at a distance. Chlorpromazine 
was utilized as a low-motivation, condition of comparison. Fourteen nof- 
mal Os made size matches after 47 and 71 hr. of sleep-deprivation, and 
following administration of placebos and 200 mg. of chlorpromazine. 
Some overestimation of size occurred with placebos, but sleep-deprivation 
produced a Significantly greater degree of overestimation. ‘The effect of 
chlorpromazine was less than, though not significantly different from, that 
of the placebos. Additional evidence was obtained indicating that the 


results were not due to possible effects of the experimental conditions on 
oculomotor functioning. 


"C. E. Osgood, Method and Theory in Experimental Psychology, 1953, 276. 


ALTERNATING AND RANDOM PARTIAL REINFORCEMENT 
IN THE FISH, WITH SOME OBSERVATIONS ON 
ASYMPTOTIC RESISTANCE TO EXTINCTION 


By R. C. GONZALEZ, ROCHELLE M. EsKIN, and M. E. BITTERMAN, 
Bryn Mawr College 


In a number of recent experiments with the fish Tilapia macrocephala 
(the African mouthbreeder), initial resistance to extinction was found to 
be greater after consistent than after partial reinforcement.* Only in the 
course of a series of extinctions separated by reconditioning sessions did 
evidence of the paradoxical effect which is characteristic of the rat make 
an appearance: resistance to extinction declined progressively both in pat- 
tially and in consistently reinforced fish, büt more rapidly in the latter, 
and their resistance at asymptote was less than that of the partially rein- 
forced animals.? The research which is reported here extends the com- 
parison of fish and rat in terms of the consequences of partial reinforce- 
ment. 

Resistance to extinction in the rat is greater after random 50% rein- 
forcement than after alternating 50% reinforcement, which suggests that 
the rat is capable of discriminating patterns of reinforcement, and this in- 
terpretation is supported by the fact that resistance to extinction actually 
may decrease as the amount of training with alternating reinforcement in- 
creases.* A trial-by-trial analysis, such as that of Sheffield and Hull, leads, 
of course, to the expectation of precisely the opposite results, One pur- 


* Received for publication June 29, 1960. This research was supported by Grant 
M-2857 from the’ National as of Mental Health. Dr. Gonzalez participated 
n the work during his tenure of a Postdoctoral Fellowship awarded by the same 
nstitute, a 5 

‘Jerome Wodinsky and M. E. Bitterman, Partial reinforcement in the fish, this 
JOURNAL, 72, 1959, 184-199; Nicholas Longo and M. E. Bitterman, The effect of 
partial reinforcement with spaced practice on resistance to extinction in the fish, 
J. comp. physiol. Psychol., 53, 1960, 169-172; Wodinsky and Bitterman, Resistance 
R extinction in the fish after extensive training with partial reinforcement, this 
OURNAL, 73, 1960, 429-434. 

2 Wodinsky and Bitterman, op. cit., this JOURNAL, 72, 1959, 184-199. 

*D. W. Tyler, E. C. Wortz, and M. E. Bitterman, The effect of random and 
alternating partial reinforcement on resistance to extinction in the rat, this JOURNAL, 
66, 1953, 57-65; E. J. Capaldi, The effect of different amounts of training on the 
ogee! to extinction of different patterns of partially reinforced responses, J. 
comp. siol. Psychol., 51, 1958, 367-371. Ae 
ays te Shella ie nii as a function of partial reinforcement and distribu- 
tion of practice, J. exp. Psychol, 39, 1949, 511-526; C. L. Hull, A Behavior Sys- 
tem, 1952, 120-121. 
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pose of the present research was to determine whether the fish is affected 
in like manner by the pattern of partial reinforcement. 

Another purpose of this research was to examine the influence of inter- 
polated reconditioning on asymptotic resistance to extinction. When rat or 
fish is subjected to a series of extinction-sessions separated by recondi- 
tioning sessions, resistance to extinction falls progressively to a low level, 
and, in the rat, that level may be independent of the amount of inter- 
polated reconditioning. After a series of regularly alternated conditioning 
and extinction sessions, Wickens and Miles randomized the order of the 
two types of session without affecting resistance to extinction; that is, 
resistance was no greater after a reconditioning session than after an ex- 
tinction-session.® A similar experiment with the fish did not, however, 
yield comparable results, and some observations made at the conclusion 


of the first phase of the present work led to a further study of the prob- 
lem. 
METHOD 

Subjects. The Ss were 20 experimentally naive African mouthbreeders of both 
sexes, about 2.5 in. long and about 6 mo. old. The animals were bred in gtoup 
tanks, and, after reaching sexual maturity, they were maintained in individual 2-gal. 
tanks on open shelves in the laboratory. Studied also were 11 experimentally naive, 
male rats of the California maze-bright strain, about 6 mo. old. They were bred 
in the laboratory and housed in individual cages. 

Apparatus. The apparatus employed for the fish has been described in detail else- 
where." It consisted of a target which could be lowered into S’s individual living 
tank, a system for detecting S’s contacts with the target, and a pellet-feeder operated 
by the detecting system, A Standard Electric timer was used to measure the latency 
of response when discrete trials were given; the clock started with the introduction 
of the lever and was stopped by the response. In work with a continuously avail- 
able lever, a counter was used to measure the number of responses which occurred 
in a given time, 

The apparatus used for the rat wa 
animal's compartment was 9 in, long, 
made of brass rods, although no shock 
a stirrup-shaped rod inserted through t 
above the floor; the height of the bar 
extent but markedly reduced the num 
general activity. The pellet-feeder was 
The number of responses made durin: 
counter, 


s a Skinner box constructed of plastic. The 
7 in. wide, and 7 in. high. The floor was 
was used in this experiment. The lever was 
he roof of the compartment to a point 4 in. 
increased the difficulty of pretraining to some 
ber of responses registered in the course of 
of the same design as that used for the fish.” 
g a given period of time was read from 4 


Procedure. (A) After being trained to strike the target, all fish were given 20 


D:D, Wickens and R. C. Miles, Extinction 
forcement-extinction sessions, J. comp, phy. 

“Wodinsky and Bitterman, op. cit., this 

“Longo and Bitterman, Improved appa 
this JOURNAL, 72, 1959, 616-620. 

* Ibid., 619. 


n changes during a series of rein- 
siol. Psychol., 47, 1954, 315-317. 
JOURNAL, 72, 1959, 184-199. 

tatus for the study of learning in fish. 
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daily sessions of 20 discrete trials each, with all responses reinforced, and an inter- 
trial interval of about 2 sec. Then the animals were divided into two equated groups 
and given 20 more days of training which differed from the training of the first 20 
days only in that partial reinforcement was introduced. For the Alternating Group, 
odd trials were reinforced and even trials were unreinforced. For the Random Group, 
the pattern of reinforced and unreinforced trials followed Gellermann-orders, with the 
restriction that the first trial of each day was reinforced and the last trial unrein- 
forced.’ On Day 41, all Ss were extinguished to the criterion of five successive 
failures to respond in 30 sec. When, on any trial, the animal failed to respond in 
that time, the target was withdrawn, the time was recorded, and the target was re- 
inserted as usual to begin the next trial. After this first extinction, there were three 
reconditioning sessions (with the same patterns of reinforcement as before), a 
second extinction to the same criterion, three more conditioning sessions, and so 
on, until the animal had been extinguished seven times. Throughout the experiment, 
the fish were maintained on a schedule of 20 pellets per day, and any portion 
of this ration which was not earned in the experimental situation was given 1 hr. 
later in the living area. 

(B) Two new groups (Group I and Group II) then were constituted, using 
matched members of the original Alternating and Random Groups. There were 
eight animals in each group, several having been lost earlier in the experiment. 
The treatment of the animals of Group II continued as before for four more ex- 
tinctions, each preceded by three days of conditioning. For the animals of Group 
I, however, all conditioning trials now were reinforced. 

(C) All animals were given three days of training with a continuously available 
target (the Skinnerian method). All responses were reinforced, and the time taken 
to earn the 20 reinforcements available on each day was measured. In the fourth 
Skinnerian session, there was no reinforcement, and the number of responses in 10 
min. was measured. Then there were three more days of continuous reinforcement, 
another 10-min. extinction-session, and so forth, until there had been six Skinnerian 
extinction-sessions in all. The purpose of this part of the experiment was to pre- 
pare the animals for the next part, in which resistance to extinction as a function 
of the amount of interpolated reconditioning was measured. À 

(D) In this part of the experiment, only 12 of the original fish were used, since 
the design called for a number of Ss which was a multiple of 6. Each § was given 
three extinctions, one after 0, one after 3, and one after 6 days of conditioning, 
in a counterbalanced order, During conditioning, reinforcement was continuous, and 
the time taken to earn 20 reinforcements was measured. Upon the completion of 
the first cycle of testing, which lasted 12 days, a second cycle was conducted in the 
same manner, 

For purposes of comparison, a similar experiment was done with rats. The rats 
were reduced to 80% of their satiated bodily weights and maintained on a 24-hr. 
feeding schedule. After a period of adjustment to the apparatus, and experience 
with a baited lever, all Ss were given 15 days of continuous reinforcement, on each 
of which the time to earn 30 pellets was measured. On the next day, there was an 
extinction-session, and the number of responses made in 10 min. was measured. 
There followed three more days of conditioning, another extinction, and so forth, 


"L. W. Gellermann, Chance orders of alternating stimuli in visual discrimination 
experiments, J. genet. Psychol., 42, 1933, 206-208. 
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until the animals had been subjected to seven extinction-sessions of the same kind. 
After the seventh extinction, each rat was given three additional extinctions, one 
after 0, one after 3, and one after 6 days of conditioning, in approximately bal- 
anced fashion; since there were only 11 rats, 2 were assigned to 5 of the 6 possible 
orders and only a single animal to the sixth order (6-0-3). 


RESULTS 


(A) With consistent reinforcement, latency of response in the fish de- 
clined in negatively accelerated fashion to an asymptote of about 0.23 sec. 
The introduction of partial reinforcement had no significant effect on 
mean latency, although both groups developed a strong tendency to slow 
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Fic. 1. DIFFERENTIAL RESPONSE AFTER REINFORCEMENT 
AND NONREINFORCEMENT IN ALTERNATELY AND RAN- 
DOMLY REINFORCED FISH 


(A negative difference-score reflects less rapid response 
after reinforcement than after nonreinforcement. ) 


down following reinforced trials and to speed up following unreinforced 
trials, The difference in mean log time for trials following reinforcement 
and nonreinforcement on each day of training is plotted in Fig. 1. The 
two curves seem very much the same, and this impression is substantiated 
by an analysis of variance (Lindquist’s Type 1) which shows no significant 
difference between the two groups (F < 1 with 1 and 14 df.).2° In extine- 
tion, too, the performance of the Alternating and Random Ss was vety 
much the same, Plotted in the first portion of Fig. 2 is mean number of 
responses to criterion for the two groups in each of the first seven ex- 
tinctions. Although a Type-I analysis shows a significant decline in resist- 
ance over the series of extinctions (F = 10,22 with 6 and 84 df, p< 


” The analysis is based on the 


data for 8 Ss į 7 “ae n lost 
in the course of training, Ss in each group, 4 Ss having bee 
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0.01), the difference between groups is negligible (F < 1 with 1 and 14 
df.). 

= results provide an interesting contrast with those for the rat. 
Alternating and random 50% partial reinforcement have different effects 
on the rat. A tendency to respond more rapidly after nonreinforcement than 
after reinforcement develops in training with alternating but not with ran- 
dom reinforcement, and resistance to extinction is less after alternating 
than after random reinforcement. In the fish, the two patterns of rein- 
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Fic, 2. RESISTANCE TO EXTINCTION IN PHASES A, B, AND C OF THE 
WORK WITH FISH 

forcement do not have differential effects. A tendency to respond more 
fapidly after nonreinforcement than after reinforcement—which perhaps 
may be interpreted as a frustration-phenomenon—appears under both 
conditions, and resistance to extinction following the two patterns of rein- 
forcement is the same. In situations such as the one used here, apparently, 
it is the number of reinforcements rather than the pattern of reinforcement 
which is important for the fish. 

K (B) In the second phase of the experiment, consistent reinforcement was 
introduced for half the animals and its effect on resistance to extinction 
Was studied. The treatment of the newly constituted Group II (consisting 
of four Alternating and four Random fish) continued as before—three days 
of partial reinforcement followed by extinction, and so forth—and its 
resistance to extinction remained the same, as the central portion of Fig. 
2 shows. The newly constituted Group I (consisting of four Alternating 
and four Random fish matched with those of Group II) was shifted to 
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consistent reinforcement, and its resistance to extinction rose substantially, 
at least to begin with. The mean difference between number of responses 
in the seventh extinction and the number of responses in the eighth ex- 
tinction was significantly greater for Group I (¢ = 2.35, p < 0.05). Here 
is another indication of the tendency for resistance to extinction in the 
fish to be greater after consistent than after partial reinforcement. 
These results bear also on the nature of the processes which determine 
the asymptote reached by the curve of resistance to extinction in a con- 
ditioning-extinction series. It has been assumed that the asymptote is de- 
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Fic, 3. CHANGES IN THE RAT'S RESISTANCE TO 

EXTINCTION IN THE COURSE OF A 

CONDITIONING-EXTINCTION SERIES 
termined simply by the discriminability of conditioning and extinction 
days, but the present results suggest that, at least in the fish, it is in- 
fluenced as well by the amount of interpolated reinforcement. It would be 
unreasonable, certainly, to contend—as one would have to if one wished 
to rely alone on the discrimination-hypothesis—that the shift from pat- 
tial to consistent reinforcement somehow made the discrimination between 
conditioning and extinction more difficult for the Ss of Group I. 

(C) The same dubious assumption would be required to account in 
terms of the disctimination-hypothesis for the results of the third phase of 
the experiment, in which both groups were consistently reinforced. The 
data are plotted in the right-hand portion of Fig. 2. The resistance to €x- 
tinction of Group II, shifted from partial to continuous reinforcement, 
was greater at the outset than that of Group I. (By the Mann-Whitney test, 
which was indicated by skewness and by heterogeneity of variance, the dif- 


=O. H. Mowrer and Helen Jones, Habit strength s of 
H » fı f the pattern 
of eeo ap. PRI 35, 1945, 293311; € c. Perkins Ay a A. J. 
Cacioppo, The effect of intermittent reinforcement on the change in extinction rate 
following successive reconditioning, J. exp. Psychol., 40, 1950, 794-801. 
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ference between the two groups in number of responses for the twelfth 
extinction is significant beyond the 5% level.) Some sort of transient con- 
trast-effect seems required to account for these data. 

(D) The results already presented suggest that it is difficult, even in a 
long conditioning-extinction series, to bring the fish to a point at which 
its resistance to extinction is unaffected by the amount of interpolated re- 
inforcement, The phenomenon was studied further in the final phase of 
the experiment, and some additional data on the rat were collected as well. 
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Fic. 4, RESISTANCE TO EXTINCTION IN FISH AND 
RAT AS A FUNCTION OF THE AMOUNT OF 
INTERPOLATED RETRAINING 
The mean number of responses to a continuously available lever made 
by a group of rats in a series of seven 10-min. extinction-sessions (sepa- 
rated by reconditioning sessions in which the animals were consistently 
reinforced) is shown in Fig. 3. As in previous experiments with the rat, 
the curve falls sharply to a stable level.” In Fig. 4, responses during ex- 
tinction are plotted both for fish and for rat as a function of the number 
of days of continuously reinforced retraining which antedated each extinc- 
tion-session in the final phase of the experiment. The curve for the rat is 
perfectly flat, but the curves for the fish (based on an original set of meas- 
urements and a replication) show a marked positive relationship between 
number of responses in extinction and number of days of reconditioning. 


"Perkins and Cacioppo, op. cit, 794-801; D. H. Bullock and W. C. Smith, An 
effect of repeated conditioning-extinction upon operant strength, J. exp. Psychol., 
46, 1953, 349-352; Wickens and Miles, op. cit., 315-317. 
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An analysis of Lindquist’s Type II based on the data obtained in the first 
cycle of measurement shows the variance due to number of days of re- 
conditioning to be significant beyond the 5% level (F = 8.63 with 2 and 
6 df.). Neither order (F < 1 with 2 and 6 df.) nor the interaction between 
order and days of reconditioning (F = 4.78 with 2 and 6 df.) is signifi- 
cant, probably because there were only 2 Ss in each order. A simple treat- 
ments X subjects analysis of the data for the second cycle shows the effect 
of number of days of reconditioning to be significant beyond the 1% level 
(F = 10,12 with 2 and 11 df.). The difference between the three-day 
values for the two cycles, tested by Wilcoxon’s method for paired repli- 
cates, fails to approach statistical significance. 

These results, together with those of earlier experiments, reflect another 
interesting difference between fish and rat. The resistance to extinction of 
the rat falls rapidly in a conditioning-extinction series to a point which 
seems to be independent of the amount of interpolated reinforcement. 
Comparable data for the fish suggest that such a point is reached much 
more slowly, if it is ever reached at all. Resistance to extinction in the fish 
falls in negatively accelerated fashion over a series of extinctions when the 
amount of interpolated reconditioning remains constant, but the level 
achieved is a function of the amount of reconditioning. In the fourth phase 
of the present experiment, resistance to extinction in the fish was influ- 
enced markedly by the number of days of interpolated reconditioning de- 
spite a long series of prior extinctions. The fact that the results for the 
second cycle of tests was statistically indistinguishable from those for the 


first cycle suggests that the slope of the function might not approach zero 
even if the testing were extended indefinitely. 


SUMMARY 


African mouthbreeders trained in a simple instrumental situation and 
subsequently extinguished were not differentially affected by alternating 
as compared with random 50% reinforcement. Both patterns of reinforce- 
ment yielded a tendency to respond less rapidly after reinforcement than non- 
reinforcement—a tendency which is produced in the rat only by alternat- 
ing reinforcement. The two patterns produced identical resistance to ex- 
tinction in the fish, although the rat shows substantially greater resistance 
after random than after alternating reinforcement, 

After a long series of extinctions separated by reconditioning sessions, 
the fish’s resistance to extinction continued to vary with the amount of 
interpolated reinforcement. In a comparable experiment with the rat, 
resistance to extinction rapidly became independent of the amount of in- 
terpolated reinforcement. 
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VALUE OF BACKGROUND IN THE SPECIFICATION 
OF THE STIMULUS FOR JUDGMENT 


By GLORIA ENGEL and ALLEN Parducci, University of California, 
Los Angeles 


The theory of adaptation-level was developed by Helson to provide a 
general treatment of judgment.’ The theory states that each psychophysical 
judgment is determined by the physical ratio of the stimulus presented 
for judgment to the current level of adaptation. The adaptation-level, AL, 
is defined as the stimulus-value judged neutral (absolute judgment) or 
judged equal to the standard (comparative judgment), and the theory 
asserts that AL will be equal to a weighted mean of all stimuli affecting 
judgment, Thus each stimulus, whether singled out for judgment or merely 
present as background for the judged stimuli, pulls AL toward its own 
value just as each score in a distribution pulls the mean toward its own 
value. 

The present studies investigate shifts in AL when background-stimuli 
are systematically varied. Application of Helson’s theory to judgments of 
visual size suggests that AL should increase with increase in the size of 
the background or surround of the stimuli (e.g. the screen against which 
the stimuli are projected).? Thus, as the background becomes larger, the 
stimulus should be judged smaller since the ratio of its physical size to AL 
is smaller, This implication of AL theory is consistent with the results of 
several experiments.* 

But how would an increase in the size of the background for some of 
the members of a series of stimuli affect the judgments of other stimuli 


* Received for publication August 31, 1960. This work was aided by a grant, 
G7485, from the National Science Foundation. ie 

‘Harty Helson, Adaptation-level as frame of reference for prediction, of psycho- 
physical data, this JOURNAL, 60, 1947, 1-29; ‘Adaptation level theory, in Sigmund 
Koch (ed.), Psychology: A Study of Science, 1, 1959, 565-621; Harry Helson, 
W. C. Michels, and Artie Sturgeon, The use ‘of ‘comparative rating scales for the 
evaluation of psychophysical data, this JOURNAL, 67, 1954, 321-326. 

*The term background has elsewhere been used to characterize a number of 


Irvin Rock and Sheldon Ebenholtz, The relational determi 
Psychol. Rev., 66, 1959, 387-401. 
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in the series for which the background was not varied? Insofar as this 
increase raised AL throughout the series, all of the judgments would be 
lowered. However, if the effect of each background is primarily upon the 
perceptual magnitude of the stimulus for which it is the immediate back- 
ground, the judgments of the remaining stimuli might instead be raised, 
This follows from the possibility that the general AL would be pulled 
down by the lower (perceived or judged) values of the stimuli with the 
larger background. The hypothesized direction of the effect of a shift in 
background upon AL would thus depend upon whether the background 
was conceived as operating as a stimulus, i.e. in the same way as the 
judged stimuli, or instead as determining the contributions of the judged 
stimuli to AL. The first of the following experiments, using the method 
of single stimuli, investigates variation in AL as a function of variation 
in the background of only one of the stimuli in the series presented for 
judgment. The second experiment, using the method of constani stimulus- 
differences, studies the effects of independent variation of the bac!.grounds 
for the standard and comparison-stimuli, 


EXPERIMENT I 


Method. Thirty students from the course in introductory psychology were used 
as Ss under the three alternative experimental conditions, 
each condition, All Ss were individually instructed to judge the size of each of a 
series of solid black squares they would see monocularly through a headrest- 
viewer. Judgments were to be announced aloud by $ in terms of a five-category 
scale (very small, small, medium, large, and very large). The successive squares 
were projected from black-white transparencies onto a screen 3 ft. from $ and 
surrounded by a baffle to reduce reflected light. Each square was exposed for 
approximately 3 sec, with 3 sec. between successive exposures. The presentations 
were divided into blocks of 10, consisting of 2 presentations of each square in 
randomized order. There were 5 such blocks or a total of 50 presentations under 
each condition. 

The projected widths of the squares were 2.5, 4.0, 6.1, 9.1, and 11.2 cm, 
respectively, under all three conditions. The immediate Backeround was white, with 


an outside width of 16.0 cm. for the four smaller squares under all three condi- 
tions and also for the largest Square under the Control (C) condition; the back- 
ground for this 11.2-cm. s 


em. Square was 13.9 cm. for the Small (S) and 19.5 cm. for 
the Large (L) conditions. The headrest-viewer restricted the visual field to the 


area of the largest background, Thus the only difference among the three condi- 
tions was in the size of the background for the largest square. Since it is known 
that the apparent size of the square would vaty inversely with the size of its back- 
ground, the purpose of the experiment Was to determine how the judgments of the 
remaining squares would be affected by this variation, 


10 Ss being exposed to 


Results. The data from the first block were discarded since the $$ 
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would not have seen all the squares before making their initial judgments, 
and their judgment-scales would not yet have stabilized. The largest square 
was judged very large on each of the remaining presentations by 29 of the 
30 Ss (one S$ in Condition C judging it large twice). There were, how- 
ever, marked differences among the groups with respect to the judgments 
of the four smaller squares. These judgments were first converted to 
numerical form (very small = 1, small = 2, medium = 3, large = 4, 
and very large = 5); each S's mean judgment of the four smaller squares 
was then computed, yielding a mean value based upon all the data for 
the stimuli common to all three conditions, For the three groups, the means 
and SDs, respectively, were as follows: 2.92 and 0.33 for L, 2.62 and 
0.22 for C, 2.40 and 0.15 for S. An analysis of variance indicated that 
the variation in background had significant effects (F = 12.67, df. = 2/ 
27, p < 0.001). The means and SDs of the ALs (each S's AL being the 
geometric mean of the widths of the squares he judged medium) were 
as follows: 5.11 and 0.96 for L, 5.92 and 0.58 for C, 6.36 and 0.69 for S. 
This variation, based on a much smaller portion of the data, was also 
significant (F = 6.66, df. = 2/27, p < 0.005). The results thus indicate 
that both the judgment-scale as a whole and its midpoint, AL, vaty 
inversely with the size of the background of one of the stimuli in the 
regular series, even though the judgments of that stimulus were not in- 
cluded in the analysis. 


EXPERIMENT II 


Method. The largest square, 11.2 cm. in width, was the only one presented in 
Experiment II, serving as both standard and comparison-stimulus for judgment by 
a modified method of constant stimulus-differences. Again, the three alternative 
backgrounds (13.9, 16.0, and 19.5 cm.) were employed, each being used equally 
often for both the standard and comparison-presentations. The task, for each pair 
of presentations, was to judge whether the second square, the comparison-stimulus, 
appeared to be larger or smaller than the first square, the standard. Each of the 
9 possible combinations of standard and comparison-backgrounds was presented 18 
times to each $, the order of presentation being randomized in blocks of 9. 

The physical arrangements for Experiment II were identical with those of Ex- 
periment I, Each square was presented for 3 sec., with 2 sec. between standard and 
comparison and 10 sec. between the comparison and the next standard. Seven 
new Ss were drawn from the introductory class. Two of these Ss were instructed 
that they should try to ignore the backgrounds which would vary in size and thus 
interfere with the accuracy of their judgments. 


Results. Each S's percentage of larger judgments was computed for 


each of the nine conditions. Since the percentages for the two Ss given 
the special instructions did not differ markedly from the rest, only the 
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mean percentages for all seven Ss are presented (Table 1). No statisti 
test would appear to be necessary. For the six combinations in which 
standard and comparison-squares were different, all seven Ss judged the 
square with the smaller background to be larger for a majority of the 
presentations. This distribution of judgments occurs in spite of the gen- 
erally positive time-order error indicated both by the over-all mean, 46.8, 
and also by the mean percentages for the three conditions in which the 
standard and comparison-backgrounds were equal: 53.6, 40.3, and 37.7. 
While the experiment was not designed to determine the AL or PSE 
directly, the conclusion is clear that this value increased with increase in 


TABLE I 
MEAN PERCENTAGE or JUDGMENTS oF ‘LARGER’ as A FUNCTION or WIDTH 
or BACKGROUND 
a Background of comparison square 

standard square 13.9 cm. 16.0 cm 19.5 cm Mean 
13.9 cm. 53.6 4.4 2.3 20.1 
16.0 cm 97.4 40.3 17.0 51.6 
19.5 cm. 97.1 71.0 7 N 68.6 
Mean 82.7 38.6 19.0 46.8 


the size of the background of the comparison-stimulus but decreased with 
increase in the standard’s background size. 


DISCUSSION 


The results of these two experiments indicate that for both experi- 
mental procedures, comparative and absolute, AL may vary inversely with 
variation in the value of the backgrounds for the stimuli presented for 
judgment. This finding is in apparent contradiction to the general asser- 
tion of adaptation-level theory that each stimulus pulls AL toward its own 
value. Instead, the results suggest that each stimulus-value in the AL 
equation should be so rescaled as to allow for the contribution of its 
own background to its perceptual effects. 

Helson’s original equation for absolute judgment reads: 

AL = TeBe, 
where AL is the physical value (e.g. measured in cm.) of the stimulus 
judged medium, V is the geometric mean of all the stimulus-values pre- 
sented for judgment, B is their background, and a is an empirical constant 
representing the relative influence of the judged stimuli and their back- 
ground (such that 0 <4<1).‘ In the spirit of Helson’s treatment of 
2 


‘Helson, op. cit, 1959, 584. In presenting Helson’s own equations here, sub- 


stitutions have been made for some of the symbols to simplify exposition in the 


VALUE OF BACKGROUND 573 


absolute judgment, it is here proposed that this equation be modified so 
that the background is treated not as a separate stimulus but as a partial 
determinant of the perceptual effect of the stimulus singled out for judg- 
ment. Specifically, it is proposed that the physical value of each stimulus 
(e.g. its width in cm.) be divided by a weighted geometric mean of its 
own value and the physical values of any other features of the stimulus- 
field (e.g. the width of the background in cm.) which affect its per- 
ceptual magnitude. Thus, the modified equation would read: 
AL/AL*Bat* = V/V*Br', 

which simplifies, algebraically, to: 

AL = BatV/By, 
where B,,, is the background for the stimulus judged medium and By 
is the geometric mean of the backgrounds for each of the stimuli in the 
series. In this form, the equation asserts that the physical magnitude of 
the stimulus judged medium, AL, may vary markedly with the physical 
magnitude of its own background, even after a long series of presentations 
(ie. even after 7 and By have become relatively stable). However, the 
perceptually scaled value of AL, AL/AL* Baz}, does stabilize in accord- 
ance with Helson’s basic concept of an averaging process. Thus AL re- 
tains its operational meaning as the physical value of the attribute judged 
medium, but the concept of a general level of adaptation is better repre- 
sented by the ratio, 

AL/AL*Bat**. 

This modified equation is consistent with the finding in Experiment I 
that AL varies inversely with By (note that Baz was not varied for the 
judgments from which the empirical ALs were computed since all Ss in 
the L and S Conditions of Experiment I always judged the largest square 
very large). In addition, the new equation implies that an increase in the 
background of the stimuli judged medium would increase AL insofar as 
By, increased more than By. It also implies that if all the backgrounds 
were the same, AL would be independent of their value. 

With only three empirical ALs, the present data do not provide an 
adequate basis for a more quantitative evaluation of this proposed modifi- 
cation. The differences between the obtained ALs are larger, however, 
than would be predicted from the modified AL equation. This apparent 
discrepancy is consistent with the position, presented elsewhere, that AL 
Deny 1s Sng a 


present context. A third term, representing the residual effects such as past ex- 
perience, has been left out of the equation since this variable was not manipulated 


in the present experiments. 


574 ENGEL AND PARDUCCI 


is a weighted mean of the median and the midpoint, or logarithmic mean 
of the two end-values of the presented stimuli.5 Since the median stimulus 
is identical under all three conditions, substitution of a median-midpoint 
average for the values of V and By could provide a closer fit to the data, 
Simple substitution of the respective V and B midpoints provides a reason- 
ably good fit which suggests that the end-values may require the major 
weighting under the present experimental conditions. 

Helson’s basic equation for comparative judgment is as follows: 

AL = SV, 
where AL = PSE, the stimulus judged equal to the standard, S is the 
standard, V is the geometric mean of the comparison or variable stimuli, 
and s is the empirical weighting of the standard such that 0 < s < 1° 
Using the same rescaling of each stimulus-value in terms of background 
stimuli, this equation would read: 
AL/AL*Ba,-* 5 (S/S*Bs'*)3(V/V2By!-*) I-s, 
where Baz is the value of the background for the stimulus judged equal 
to the standard, Bs is the background for the standard, and By is the 
geometric mean of the backgrounds for the variable stimuli. This simplifies 
algebraically to: 
AL = Ba1(S/Bs)*(V/By)**, 
which correctly describes the following results of Experiment II: (a) that 
PSE varies inversely with the value of the standard’s background, and 
(b) that PSE varies directly with the value of its own background, It 
also implies that when all the comparison-stimuli have the same back- 
ground (i.e. Bar = By), PSE varies directly with the value of By"; but 
if the standard also has the same background, PSE is independent of the 
value of the background. 

The modified equation for comparative judgment may also be applied 
to situations in which the judgments are completely determined by the 
stimuli present at the time of judgment. In this simpler case, s = 1, and 
the ratio between the variable stimulus judged equal to the standard, AL, 
and its background must equal the ratio between the standard and the 
standard’s background. This simplified relationship, AL = By, S/Bs 
correctly describes the results of Wallach’s experiment on brightness- 


* Allen Parducci, R. C. Calf i 
ctfoct: th: tele Ree ee, L. M. Marshall, and L. P. Davidson, Context 


t ptation level as i idpoi 
median of the stimuli, J. exp. Psychol., 60, bo oad eee ens ealcipoints 
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constancy in which the intensities of two, simultaneously-presented pairs 
of ring-disks were independently varied.’ 

While the modifications proposed here somewhat complicate Helson’s 
basic AL-equations, they do not seem to represent a radical departure 
from his general position. His continued emphasis upon the geometric 
mean, a provisional commitment to Fechner's logarithmic scaling of the 
stimuli, suggests that the stimuli are to be scaled in accordance with their 
perceptual effects, But since we know that the immediate perceptual re- 
sponse to each stimulus is largely determined by the physical relationship 
between stimulus and background, it seems that Helson’s position should 
require that this relationship be incorporated into the definition or scaling 
procedure for each stimulus value. By the same line of reasoning, the 
physical values of other stimuli (¢.g. those presented on immediately pre- 
ceding trials) might also be incorporated into the specification of each 
stimulus, but that would perhaps involve an impracticable complication 
of the equations for adaptation-level. 


SUMMARY 


Both absolute and comparative judgments of size were shown to vary 
systematically with variation in the size of the background for projected 
squares, The direction of some of the shifts in judgment was in apparent 
contradition with previous statements of adaptation-level theory. It was 
proposed that the theory be modified so that the value of each stimulus 
in the equations for adaptation-level would be defined with respect to a 
weighted mean of the stimulus and its simultaneously presented back- 
ground. 


3A similar suggestion has previously been made with respect to theories of 
discrimination-learning by D. A. Riley, The nature of the effective stimulus in 
animal discrimination learning: Transposition reconsidered, Psychol. Rev., 65, 
1958, 1-7. 


CONTEXT-EFFECTS IN JUDGMENTS OF LENGTH 


By ALLEN Parpucct and Louise M. MARSHALL, 
University of California, Los Angeles 


Research on judgment has often involved experimental manipulation of 
the stimulus-context in which simple perceptual judgments are made. It is a 
commonplace that all judgments are relative; the problem has been to dis- 
cover what they are relative to—that is, to specify how different features 
of the context determine the judgments. This has been the central concern 
of the theory of adaptation-level which asserts that the category-scale for 


ical judgments is centered at the weighted mean of all stimuli 


psychophysical 

affecting the judgments.* Recent research has indicated, however, that the 
mean may not be the most useful parameter for characterizing the stimulus- 
context. Independent manipulation of either the midpoint (the mean of the 
two end-stimuli) or the median of the set of stimuli presented for judg- 
ment had significant effects upon the centering of the scale of judgment, 
but manipulation of the mean appeared to have no effect when midpoint 
and median were held constant? These findings were interpreted as con- 
sistent with the hypothesis that the scale of judgment reflects a compromise 
between two different tendencies: (1) to divide the range of stimuli pre- 
sented for judgment into proportionate sub-ranges; and (2) to use the 
alternative categories of judgment with proportionate frequencies, 

This interpretation was based upon experiments studying absolute judg- 
ments of numerical magnitude. The present research was designed to in- 
vestigate the same variables with a more clearly perceptual dimension, 
length of line. In other respects, the basic logic of the research remained 
unchanged. Thus, Ss made absolute judgments of the lengths of different 
sets of lines. The sets differed with respect to the physical values of their 
midpoints, medians, and means. The primary purpose was to determine 
how the scale of judgment is affected by variation of these parameters of 


* Received for publication August 31, 1960. This paper reports part of a series 
of investigations supported by a grant, G7485, from the National sence Founda- 


*Harry Helson, Adaptation level theory, in Sigmund Koch (ed.), Psychology: 
A Study of Science, 1, 1959, 565-621; D. N bevel" 
ond fadamens, 1935, Oa D. M. Johnson, The Psychology of Thought 
en Parducci, R. C, ee, L. M. Marshall, and L. P. Davidson, Context 
effects in judgment: adaptation level as jo en idpoi d 
median of the stimuli, J. exp. Psychol., 60, ares “Thee ae P 
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sets of stimuli. A second objective was to determine how the relative 
effects of these parameters vary with the mode of presentation of the 
stimuli. The interpretation of judgment as a range-frequency compromise 
Jed to the expectation that the median would have greater influence when 
presentation stressed the relative frequencies of the different lengths of 
line than when the differences in length between lines were emphasized. 


METHOD 


Stimuli. Eleven different sets of 45 lines each were used. The lines in each set 
were printed parallel to the short sides of an 8 X 11-in. page. Under all conditions, 
the successive lines, each approximately 0.5 mm. in width, were ordered with 
respect to length; the longest line was printed 30 mm. from the top, the shortest 


TABLE I 
NUMBERS OF LINES IN DIFFERENT INTERVALS OF THE RANGE OF Lenora 
Interval of length (mm.) 
re 30-49 50-69 70-89 90-109 110- 130- 150- 170- 
s 10-29 
Fi 129 149 169 190 
RECT 5 5 5 5 5 5 3 5 5 
LMP 2 2 2 12 9 6 12 0 0 
HMP 0 0 12 6 9 12 2 2 2 
LMD 2 2 2 17 10 2 2 2 6 
HMD 6 2 2 2 10 17 2 2 2 
LM 11 3 3 3 5 ll 3 3 3 
HM 3 Se eS Mh ees? Se 
LL 2 2 5 13 5 5 7 6 0 
LH 5 3 3 3 8 12 7 4 0 
HL 0 4 7 12 8 3 3 3 5 
HH 0 6 7 5 5 13 5 2 2 


20 mm. from the bottom, and each line ended 15 mm. from the right side of the 
page. Table I shows the lengths of the lines in the 11 sets. The differences be- 
tween the lengths of successive lines for a given set were approximately equal 
within each of the 20-mm, intervals indicated in Table I. Table II shows how the 
midpoints of the lengths differ for the sets with the low midpoint (LMP) and 
"high midpoint (HMP), the medians for the sets with the low median (LMD) 
and high median (HMD), and the means for the sets with the low mean (LM) 
| and high mean (HM). It should be noted that for each of these three pairs, the 
other two parameters are constant at 100 Mm., which is the value of the midpoint, 
the media, and the mean for the rectangular (RECT) set. The four remaining sets 
"of lines, LL, LH, HL, and HH, form a 2 X 2 factorial design, with midpoint and 
median as the independent variables. i 
Each of the ne was presented with two different spacings between the lines. 
For frequency-spacing, all lines were separated by the same vertical distance on te 
= page, 5 mm, For length-spacing, the vertical separation between the lines hinh 
in direct proportion to the difference between their lengths so that each set of lines. 
formed a trapezoidal pattern with the left ends falling on a direct line between 
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the left ends of the longest and shortest lines. It should be noted that the requi 
ments of both kinds of spacing were thus met by the same arrangement of lin 
for the RECT set. 

Procedure. The experiment was performed in sections of introductory psychology. 
Copies of each of the sets of lines were dittoed and stapled to a cover page, on 
which the following instructions appeared: 


On the next page, there is a set of lines placed in order of decreasing length. 
Your job is to study the entire set and then to decide how long or short each 
line is—in comparison with all the other fines on the page. Record to the } 
of each line your Lye igor of its relative length. For each line, use one of 
lloni categories of length: very long, 6; long, 5; slightly longer than average, 
4; slightly shorter than average, 3; short, 2; very short, 1. Thus if a line seems 
short (compared to the other lines), write a small ‘2’ beside its extreme 
end; if you judge it to be very long (by comparison), record a ‘6.’ Be sure to 
write one of the six numerals to the right of each line. Take your time with 
judgments, but do not try to devise any ial rules for judgment. The purpose 
— pons is to find out how people, in general, compare the lengths of 

ifferent lines. 


After oral instructions to work independently, the materials were distributed in 
a randomized order, one set of lines for each student. All materials were collected 
after approximately 10 min. There was some inequality in the numbers of Ss re 
ceiving the various sets, and the data from some Ss were discarded because of 
failure either to judge all of the lines or to maintain the numerical order of the 
categories. For subsequent analysis, all groups were reduced by random elimination 
to 27 Ss, except for the RECT, LMP, and HMP frequency-spacing conditions 
(N = 34 each). 


RESULTS 


Analyses of variance. The primary dependent variable was the adapta- 
tion-level (AL), defined as the midpoint between the longest line judged 
‘3’ and the shortest line judged ‘4’ (i.e. the arithmetic mean of these two 
lengths). The means and SDs of the ALs for each of the 21 experimental _ 
conditions are presented in Table II. Separate analyses of variance were 
performed upon the ALs for three sub-sets of these conditions to determine — 
the significance of the effects of independent manipulation of the midpoint, 
median, and mean, respectively, and the interaction of each of these 
variablgs with the spacing of the lines upon the page (i.e. a series of 2X 2 
analyses). 

The effect upon AL of variation in midpoint, LMP vs. HMP, was highly 
significant (F = 15.23, df. = 1/118, p < 0.001), as was the effect of 
variation in median, LMD vs, HMD, (F = 57.00, df. = 1/104, p< 
0.001). The interaction between median and spacing was also significant 
in this analysis (F = 16.48, df. = 1/104, p < 0.001), with the effects 0 

variation in median being greater with frequency-spacing. Variation it 
mean, as determined for the LM and HM Sets, did not have significant 
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effects: however, the effects of this variation interacted with spacing 
(F = 4.80, df. = 1/104, p < 0.05). 

The 2 X 2 X 2 factorial analysis of the ALs for the LL, LH, HL, and 
HH Sets, with each kind of spacing, indicated significant effects of the 
median (F = 51.50, df. = 1/208, p < 0.001) and also a significant inter- 
action between midpoint and stimulus spacing (F = 5.66, df. = 1/208, 
p < 0.025). None of the other sources of variance, either in this or in any 
of the three preceding analyses, was significant at the 5% level. In sum- 
mary, significant differences in AL were found associated with variation in 
cither the midpoint or the median but not with the mean. The effects of 


TABLE II 
STIMULUS-PARAMETERS AND MEAN ADAPTATION-LEVELS 
S ; Stimulus-parameters Frequency-spacing Length-spacing 
timulus- —<—<$<£&@—<—<——— ss —— 

set median midpoint mean AL SD AL SD 
RECT* 100 100 100 106.0 10.0 106.0 10.0 
LMP 100 80 100 97.8 12.7 95.6 11.5 
HMP 100 120 100 103.9 6.6 104.4 9.5 
LMD 88 100 100 90.9 5.5 97.5 11.5 
HMD 112 100 100 110.8 6.9 103.4 10.3 
LM 100 100 89 104.5 9.3 106.1 12.3 
HM 100 100 111 106.4 10.3 99.4 8.8 
LL 92 90 100 97.3 8.1 93.8 9.7 
LH 110 90 100 108.8 10.5 103.6 10.1 
HL 90 110 100 94.6 9.2 100.5 4 
HH 108 110 100 107.1 6.9 105.2 11.8 


* The two spacing-conditions are identical for RECT, so that AL and SD are based 
upon the responses of a single RECT group. 


each of these three parameters interacted significantly with the spacing of 
the stimuli. s 
Multiple-regression analyses. Mean AL was used as the criterial vari- 
able in two separate multiple-regression analyses, one for each kind of 
spacing, with the midpoints and medians of the sets as the predictor 
variables. The least-squares equation is AL = 0.86(Median) + 0.14(Mid- 
point) for frequency-spacing; for length-spacing, AL = 0.64(Median) + 
0.36(Midpoint). The relative weighting of the median is greater for fre- 
quency-spacing, and this is consistent with the analyses of váriance. As 
compared with the results for judgments of numerical magnitude, where 
AL = 0.45 (Median) + 0.55(Midpoint),* the midpoint had relatively less 
influence upon the judgments of length, regardless of spacing. The un- 
biased multiple correlations for frequency- and for length-spacing were 


? Parducci, Calfee, Marshall, and Davidson, op. cit., 74. 
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0.85 and 0.73, respectively. Both the median-midpoint combinations ac- 
counted for a significant portion of the variance in AL (F = 31.6, df.= 
2/9, p < 0.001 for frequency-spacing; for length-spacing, F = 7.5, p < 
0.025). 

Frequencies and widths of categories. The previous analyses were based 
upon the value of the middle limen, AL. While this measure tends to 
correlate positively with each of the other four limens, additional informa- 
tion about the effects of stimulus-spacing can be obtained through a com- 
parison of the numbers of lines and the ranges of lengths included in 
each of the categories of judgment. A tabulation was made of the mean 
number of lines placed in each of the six categories under each of the 
21 experimental conditions, These values for the RECT condition were 
(in order from very long to very short): 5.7, 7.4, 8.0, 9.2, 8.4, and 6.3. 
The slight asymmetry (more lines in the ‘shorter’ categories) is consistent 
with the ordinal effects previously reported for similar situations if one 
assumes that Ss tend to start at the top of the page and work down toward 
the shorter lines at the bottom.* 

Two difference-scores were computed for each condition in order to 
measure the changes in the scale of judgment associated with the differ- 
ences in stimulus-spacing. The first of these difference-scores was simply 
the mean of the six differences (taken without regard to algebraic sign) 
between the mean number of lines in each of the six categories under a 
given condition and the corresponding RECT values. The resulting score 
indicates how similar the scale of judgment for each condition was to the 
RECT scale with respect to frequency of use of the different categories. 
A second measure was obtained for each condition by first determining 
the mean percentage of the tange covered by each of the six categories and 
then computing the mean absolute difference between these six values and 
the corresponding mean percentages for the RECT condition. This second 
difference-score indicates how similar the judgment-scale for each experi- 
mental group was to the RECT scale with respect to the relative width or 
range of the respective categories. 

The mean absolute difference in frequency per category, averaged over 
all 10 stimulus-sets, was 1.3 lines for frequency-spacing and 2.8 lines for 
length-spacing, or 2.9% and 6.2%, respectively, of the 45 lines. For 
each of the 10 stimulus-sets, the mean deviation from the RECT baseline 
was at least 24 greater with length-spacing. The mean absolute difference 


in the widths of the categories was 4.4% for frequency-spacing but only 


* Parducci, Ordinal effects in judgment. -246; 
Parducci, Calfee, Marshall, and Davidson, op. cnet, POl» 38: 1959, 239-246: 
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2.7% for length-spacing, the direction again holding for all 10 sets. These 
comparisons show that the tendency to use the various categories of judg- 
ment with proportionate frequencies (the proportions indicated by the 
frequencies in RECT) is stronger with frequency-spacing and that the 
tendency to divide the range into proportionate sub-ranges (again follow- 
ing the proportions in RECT) is stronger with length-spacing. Thus, the 
differences in strength between these hypothetical judgmental tendencies, 
apparent for AL, also appear when the measure is based upon all six cate- 
gories of judgment. 

Perceptual grouping. The arrangement of the lines, particularly in 
some of the sets with length-spacing, produces perceptual groupings. In 
such cases, category-limens tend to fall at the boundary of a group of 
equally spaced lines. Thus for the LM set, almost half the Ss given length- 
spacing broke their very short category just above the 29-mm. line, As 
can be inferred from Table I, the lines were closely spaced between 10 and 
29 but relatively sparse between 30 and 109 mm. The 11 closely-spaced 
lines between 110 and 129 mm. also appeared as a sepatate group, con- 
stituting a single judgment-category for almost half the Ss judging the 
LM set with length-spacing. This kind of grouping was less pronounced 
for the frequency-spacing conditions, but even with the equal vertical 
spacing there appeared to be a slight tendency for the category-limens to 
fall at points where the slope formed by the left ends of the lines changed 
dramatically. 

It would be difficult to disentangle the effects of this perceptual group- 
ing from the various independent variables with respect to which the 
judgments have been analyzed. Any evaluation of the grouping is post hoc 
since the stimulus-sets were not selected to permit independent manipula- 
tion of the grouping factors, For conditions in which grouping was pro- 
nounced, separate tabulation was made, however, of the ALs of Ss who 
did not break their categories at the borders of the groups. The differ- 
ences between the mean ALs for these Ss and the mean ALs for the re- 
maining Ss were small enough to suggest that grouping tendencies did not 
materially affect any of the major conclusions of the experiment. 


DiscussioN 


These perceptual groupings share with other phenomena of judgment 
a general dependence upon the physical relationships between the stimuli 
presented for judgment. The limens or boundaries of these groupings 0c- 
curred at points of abrupt shift, either in the average vertical distance 
between successive lines (length-spacing) or in the slope formed by the 
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left ends of the lines (frequency-spacing). Insofar as Ss divide the range 
into proportionate sub-ranges, limens would be more likely to occur at the 
points of greatest difference in length between successive lines. It should 
be noted that the grouping-limens occurred instead at the points of great- 
est shift in the magnitude of successive differences, averaged over a se- 
quence of stimuli. The specification of the stimulus relationships which 
determine this kind of perceptual grouping might itself become an objec- 
tive for research. The concern of the present analysis was, however, that 
this unforeseen grouping did not obscure the effects upon judgment of 
those experimental conditions which were systematically manipulated. 

The effects of the major experimental conditions upon judgments of 
length are clearly consistent with the results previously obtained for judg- 
ments of numerical magnitude. For both length- and frequency-spacing, 
AL varied directly with independent variation of either the midpoint or 
the median. There appeared to be no systematic relationship between AL 
and the mean across conditions of spacing. 

Relationship to range-frequency compromise. The present results carry 
the argument beyond the conclusions of the research on numerical magni- 
tude by showing that the relative weighting of the midpoint and median 
can be systematically manipulated in accordance with the interpretation 
of judgment as a range-frequency compromise. The alternative methods 
of spacing the stimuli were chosen to emphasize either the differences in 
the number of lines placed in the various categories by Ss or the differ- 
ences in the widths of their categories. In both cases, the emphasis con- 
sisted of correlating these differences with differences in vertical position 
upon the page. When the lines were equally spaced so that Ss could more 
readily determine the relative number of lines they were placing in each 
category, their category-frequencies conformed more closely to those of 
the RECT group and their ALs correlated more closely with the medians 
of the stimulus sets. When the vertical distance between the lines was in 
direct proportion to the difference in their length, the proportions of 
the total range included in the various categories conformed more closely 
to the corresponding RECT Proportions and the ALs correlated more 
closely with the midpoints of the stimulus sets, 

Relationship to the theory of adaptation-level. The relationship be- 
tween AL and the midpoint might be incorporated into Helson's weighted- 
mean analysis by weighting the two end-stimuli more heavily than the 
other stimuli in the set presented for judgment. It would be much more 
difficult to specify how the other stimuli are to be weighted in order to 
account for the effects of variation in the median, And insofar as AL is 
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unaffected by any variation of stimuli which leaves the midpoint and 
median unchanged, the stimuli which were varied would have zero weight- 
ing (i.e. they would have no place in the adaptation-level formula). This 
appears inconsistent with the notion of stimulus-interaction or pooling 
which is basic to the theory of adaptation-level.* 

As emphasized elsewhere, the mean of a set of stimuli is often inter- 
mediate in value between the midpoint and median.* When this is the 
case, the mean may provide a satisfactory first approximation for the de- 
termination of AL, The ALs for two sets of stimuli may, however, be 
identical and yet their other category-limens quite different. Thus the ALs 
for the RECT and HM sets are very close with frequency-spacing, but 
the HM limen between very short and short was 12 mm. longer (a highly 
significant difference). Since there were fewer lines within the lower third 
of the HM range (see Table I), this limen would be higher for HM 
than for RECT insofar as Ss tended to judge the same number of lines 
very short. Corresponding differences, in each case consistent with the 
compromise-interpretation, occur at the other category-limens for these 
two conditions. Thus, even when ALs are equal, the range-frequency com- 
promise may produce marked differences in other parts of the scale of 
judgment. 

SUMMARY 


Sets of lines were presented for judgment in terms of absolute categories 
of length. The sets differed with respect to the midpoint, median, and 
mean lengths of the lines and also with respect to the spacing between 
the lines, The center of the scale of judgment, AL, was found to vary 
systematically with variation in either the midpoint or median but not 
with the mean. The relative effect of variation of the median was greater 
when the stimuli were spaced so as to stress differences in frequencies 
rather than differences in length. The results were interpreted as consistent 
with the representation of judgment as a compromise between the ten- 
dency to divide the stimulus-range into proportionate widths and to use 
the judgment-categories with proportionate frequencies. 


" Helson, op. cit, 569; Johnson, op. cit, 344. 
Parducci, Calfee, Marshall, and Davidson, op. ¢ét.. 77. 


SIMULTANEOUS AND SUCCESSIVE DISCRIMINATION- 
REVERSAL IN THE RAT 


By R. C. GONZALEZ, Bryn Mawr College, and 
BRYAN SHEPP, University of Connecticut 


A discriminative problem of the so-called simultaneous type provides 
differential reinforcement in at least one afferent dimension; its solution 
can be described in terms of the development of excitatory properties by 
the positive stimulus and of inhibitory properties by the negative stimu- 
lus.t A problem of the so-called successive type cannot be analyzed in the 
same way, because it provides no differential reinforcement in any afferent 
dimension. Consider, for example, a successive black-white discrimination 
with either two black or two white stimulus-objects on each trial, in 
which, say, the right-hand black and the left-hand white are designated 
as positive. In such a problem, black is as often reinforced as white, and 
leftness is as often reinforced as rightness. With no one of the four com- 
ponents reinforced more than any other, how is solution of the successive 
problem possible? Two accounts have been proposed: (1) one based on 
the notion of conditional discrimination or stimulus-compounding ;* and 
(2) the other based on the concept of configurational discrimination 


(1) According to the compounding interpretation, the successive solution is 
based on the acquisition of excitatory and inhibitory properties by combinations of 
stimulus-components, Certain visual-spatial compounds (e.g. black-right and white- 
Jatt) are assumed to acquire excitatory properties, while others (e.g. black-left and 
Me) acquire inhibitory properties; that is, the compounds are assumed to 
function in a manner which cannot be derived by summation from the functions of 
the components. Spence has asserted that the successive solution is more difficult 


than the simultaneous, and that compounding will develop only when a com- 
ponent-solution is not possible. 


* Received for publication April 10, 1960. Thi i sted in the 
or a Psychopharmacolog at a el mene 
o, 1536, a The nature of discrimination learning in animals, Psychol, Rev 
pence, The nature of e in discrimination learning, Psychol. Rev 5% 
1952, 89-93; H. W. Nissen, Descrip Anoe ao i, discriminatiod 
behavior Peychol. Rev, 37, iooi aa 0E the learned response in discriminati 
Philip Weise and M. E. Bitterman, Response-selection in discriminative learning, 


Psychol. Rev., 58, 1951, 185-195; Bitterman ing, 
Psychol. Rev., 60, 1953, 123-126. eens problemn of pale 
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(2) According to the configurational interpretation, the successive solution may 
be achieved in terms of certain unitary properties of the pairs of stimuli, the ani- 
mal learning simply to make opposed responses to the two pairs (¢.g. go right to 
the configuration black-black and left to the configuration white-white). From this 
point of view, the animal discriminates, not between simultaneously presented com- 
pounds, but between successively presented configurations. Furthermore, no func- 
tional priority is assigned to the component-solution. A successive problem may be 
mastered before a corresponding simultaneous problem, and a configurational solu- 
tion may be achieved even where a component-solution should be possible.* 


Experimental tests of these divergent conceptions of the successive solu- 
tion have centered primarily on the initial difficulty of simultaneous and 
successive discrimination. Initial difficulty, however, is markedly influenced 
by situational variables, the most important of which are contact and con- 
tiguity.® Under conditions of indirect approach to spatially contiguous 
stimuli (noncontact, contiguity), the simultaneous problem is more diffi- 
cult than the successive. Under conditions of direct approach to spatially 
separated stimuli (contact, noncontiguity), and under more conventional 
conditions, such as the T-maze or the two-window jumping apparatus 
(contact, contiguity), the successive problem is more difficult than the si- 
multaneous, Marked shifts in relative difficulty occur with practice. When 
Ss learn two consecutive problems of each type, transfer to the second 
problem is much greater for Ss having Jearned the initially more difficult 
one, and in the second problem the difference in difficulty between simul- 
taneous and successive presentations tends to disappear.’ This finding sug- 
gests that the effects of situational variables on relative difficulty are 
transient, and that an extended series of discriminations of each type 
would weight intrinsic differences in difficulty at the expense of contextual 
ones. 

In the present experiment, the work on transfer was extended to the 
study of a long series of consecutive discriminations in the context of a 
habit-reversal design. Two groups of rats, one presented with a simultane- 
ous and the other with a successive problem, each were given one day of 

and the eT eee 


5 Weise and Bitterman, op. cit, 185-195; D. C. Teas and M. E. Bitterman, Per- 
ceptual oceani sioa in the rat, Psychol. Rev., 59, 1952, 130-140; I R. Turbeville, 
A. D. Calvin, and M. E. Bitterman, Configurational and relational learning in 
rat, thi , 65, 1952, 424-433. 5 

For ‘ pois (es “Eaton affecting relative difficulty of the two types of prob- 
lem, see M. E. Bitterman, D. W. Tyler, and C. B. Elam, Simultaneous and succes- 
sive discrimination under identical stimulating conditions, this JOURNAL, 68, 1955, 
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Jerome Wodinsky, M. A. Varley, and M. E. Bitterman, Situational determinants 
of the relative difficulty of simultaneous and successive discrimination, LT 
physiol. Psychol, 47, 1954, 337-340; M. E. Bitterman and J. V. McConnell, The 
role of set in successive discrimination, this JOURNAL, 67, 1954, 129-132. 
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training with vertically and horizontally striped cards in a two-window 
jumping apparatus, and the preference so established then was reversed 
daily for 32 days. 


MeTHOD 


Subjects, The Ss were 20 male albino rats of the CF Nelson Strain, 90-120 days 
old at the beginning of the experiment. 

Apparatus. The apparatus employed was a conventional Lashley two-window 
jumping apparatus modified to eliminate punishment for errors. Narrow runways 
branched out from a starting platform 9 in. removed from the two windows, 
which were 5.5 in. square and situated 2.5 in. apart. The response of S was to run 
from the starting platform to one of the windows and to push against the stimulus- 
card; the incorrect card was locked in place, but the correct card gave -cess to a 
feeding platform in the rear. 

Four black and white striped stimulus-cards were employed. Two the cards 
were horizontally striped and the other two were vertically striped. The width 
of each stripe on each card was 0.5 in. 

Preliminary training. Throughout the experiment the animals were maintained on 
a 24-hr. feeding schedule. After an initial period of handling, during which they 
were fed wet mash on the feeding platform, the animals were taught to run from 
the platform, first to open windows, and then to unlocked mid-gray cards, Manual 
guidance was used from the beginning to provide equal experience with both win- 
dows. At the conclusion of the preliminary training, the animals were divided into 
two groups of 10 Ss each, matched for Position-preference and for adjustment to 
the experimental situation. 

Experimental training. The animals of the simultaneous group were confronted 
with one vertically striped and one horizontally striped card on each trial of the 
‘xperiment proper, the lateral position of the two cards being varied systematically 
in accordance with selected Gellermann-orders.® On the first day (Reversal O), 5 Ss 
were trained with the vertically striped card positive, and the remaining 5 with the 
horizontally striped card positive. The animals of the successive group were con- 
fronted with two vertically striped cards on half of each day’s trials, and with two 
horizontally striped cards on the remaining half, the order of presentation follow- 
ing the same Gellermann-orders as those employed with the simultaneous group. 
On the first day of training, half the Ss of the successive group were rewarded for 
responding to the right-hand card of the vertically striped pair and to the left-hand 
card of the horizontally striped pair, while the direction of correct response was 
the opposite for the remaining animals. Both groups were reversed daily for a 


total of 32 reversals, That is, a simultaneous animal for which vertical stripes 
were positive in Reversal O was reinforced for response to horizontal stripes in 
Reversal 1, for response to vertical stripes in Reversal 2, and so forth. Similarly, a 
successive animal which was trained right to vertical stripes and left to horizontal 
stripes in Reversal O was rewarded for going left to vertical and right to horizontal 
in Reversal 1, and so forth. Through 


out the experiment, there were 20 massed 


*L. W. Gellermann, Chance order for Meo a5) 
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trials per day by the correction method. Following an incorrect response $ was 

returned to the starting platform and manually guided in the correct direction; a 

correct response admitted $ to the feeding platform and terminated the trial. 
RESULTS 


The performance of the two groups, measured in terms of mean num- 
ber of errors per reversal, is shown in Fig. 1. Each curve begins at the 
chance-level and shows a progressive decline, which seems greater in the 


O—oO SIMULTANEOUS 
@—e SUCCESSIVE 


MEAN ERRORS 
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REVERSAL 


Fic. 1. PERFORMANCE OF THE TWO GROUPS DURING THE 
33 DAYS OF THE EXPERIMENT 


successive than in the simultaneous group, and this impression is sub- 
stantiated by analysis of variance (F = 35.99 with 1 and 18 df., p < 
0.01). The variance due to reversals (F = 15.92 with 32 and 576 df.) and 
that due to the interaction of groups and reversals (F = 2.16 with 32 and 
576 df.) also are significant beyond the 1% level of confidence. ’ 
Although the curves overlap in the early stages of training, marked dif- 
ferences in pattern are evident. Transfer-effects from one reversal to the 
next are prominent in the simultaneous group but negligible in the succes- 
Sive group. The difference between the two curves in the early reversals, 
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which is responsible in large part for the significant interaction, suggests 
greater learning in the simultaneous group. This result parallels the find- 
ings of previous experiments which show that, under conventional con- 
ditions, the simultaneous problem is easier than the successive. How, then, 
is the superior performance attained by the successive group in the final 
stages to be explained? The interpretation of Bitterman and Wodinsky, 
which served as the basis for the present €xperiment, provides an answer.’ 

These investigators proposed that, in any given situation, the experi- 
mental conditions employed tend to favor either the perception of the uni- 
tary properties of each pair of stimuli as a whole (configurational or- 
ganization) or the perception of the unique properties of the individual 
stimuli (component-organization). On the assumption that successive 
problems are learned configurationally (on the basis of the difference 
between-pairs) and simultaneous problems in terms of components (on the 
basis of the differences within-pairs), the initial difference in speed of 
learning should be a function of the perceptual set fostered by the ex- 
perimental conditions. Under configurational conditions (soncontact, con- 
tiguity), a set to respond configurationally is promoted from the outset, 
thus facilitating the successive solution and retarding the simultaneous 
solution. Component conditions (contact, noncontiguity) hinder the de- 
velopment of a configurational set, thus retarding successive solution and 
facilitating simultaneous solution. When, however, the transient effects 
of set are overcome (either by learning to some criterion-level or through 
extensive training such as provided in the present experiment), the es- 
sential simplicity of configurational organization should be manifested in 
Superior successive performance on subsequent problems, irrespective of 
the experimental conditions. 

The present experiment provides a systematic test of the validity of this 
principle. Under the conventional conditions employed, which favor the 
perception of components, initial learning was more rapid in the simul- 
taneous group. With continued training this advantage disappeared and, 
finally, in the latter stages of training, the successive group gained a clear 
superiority. Taken together with presently available data, these results 
point to the necessity of distinguishing between two qualitatively distinct 
paegesses which operate in simultaneous and successive discrimination. The 
original emphasis of Weise and Bitterman on the functional priority 
of configurational as compared with component and relational organiza- 
E OO O 
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tion seems , justified, 3° but initial dominance of process is seen to depend 


upon the perceptual characteristics emphasized by the experimental situa- 
tion. £ 


SUMMARY 


Two groups of rats, one trained on a simultaneous problem and the 
other on a successive problem were given a series of 32 daily reversals un- 
der conventional conditions in a modified jumping-apparatus. The typical 
initial superiority of simultaneous solution under these conditions was 
seen to be a function, not of an intrinsic difference in the difficulty of the 
two types of problem, but of the transient effects of set. Although the 
simultaneous group showed superior learning in the early stages of the 
experiment, the rate of improvement in reversing was greater in the suc- 
cessive group, as was its final level of performance. The results are inter- 
preted as consistent with a configurational and as contradictory to a com- 
pounding interpretation of successive solution. 


” Weise and Bitterman, op. cit., 185-195. 


A RE-EVALUATION OF EVIDENCE OF ONE-TRIAL 
ASSOCIATIVE LEARNING 


By G. R, LocKHEAD, IBM Research Center 


Results of recent studies suggest that Ss form rote-associations in one 
trial. The authors of these studies argue that repetition of the material may 
help only to allow new associations to be formed on each trial and to 
strengthen those associations once they have been made.* This argument is 
contrary to the notion that associations are formed by gradual strengthen- 
ing. 

In the studies which support the hypothesis of one-trial learning, $ 
was presented a list of paired associates, one pair at a time, which he was 
to learn. He was then shown the left-hand member of each pair and re- 
quired to respond with the right-hand member. In the control group, this 
procedure was repeated until $ could respond correctly to the entire list. 
In the experimental group, whenever $ did not respond correctly to a 
left-hand member, that member and its response were replaced by a new 
pair. This revised list was then shown S in the next trial. A trial is the 
presentation of the list of pairs of syllables followed by the recall-test 
for all syllables. After the test-trial on the revised list, those pairs to which 
S did not respond correctly were replaced. If S failed on a syllable he had 
previously given correctly, that pair was also dropped. The procedure con- 
tinued until $ could respond correctly to an entire list. Thus, in the non- 
replacement condition S saw the same material over and over until he had 
learned it to criterion, while in the replacement-condition S had to respond 
correctly the first time, or he never saw that pair again. The material was 
reordered for each trial in both conditions and § was told ‘right’ of 
‘wrong’ after each response, as noted in Rock and Heimer’s article.* 

In none of the one-trial studies was the non-replacement group superior 
to the replacement gtoup. From this result, it has been concluded that as- 


* Received for publication July 14 is i lem- 
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sociations are formed not by a process of gradual strengthening, but in 
one trial. 

In Rock's studies using this procedure, $ was shown a pair to be learned 
for 3 sec. and then allowed a 5-sec. interval before the next pair appeared. 
This rate of presentation allowed a total of 8 sec. in which that pair could 
be rehearsed, Further, $ was allowed 30 sec. between trials, while E re- 
organized the material, during which S could rehearse. Thus, although S$ 
had been given only one presentation of a particular pair, he had opportu- 
nity to rehearse it covertly a large number of times. Learning may, therefore, 
have been achieved by gradual strengthening, but this strengthening took 
place in an unobservable manner. 

The present experiment is a replication of Rock’s Experiment II with 
(1) a pair of syllables presented once every 8 sec., as in Rock's study; and 
(2) with the over-all rate of presentation increased by nearly a factor of 
four.’ The faster rates chosen were as fast as would allow E to manipulate 
the materials accurately. 

METHOD 


Two groups of 14 and two groups of 10 college students were required to learn 
a list of eight paired nonsense syllables of 47% and 53% associative value accord- 
ing to Glaze These syllables were typed on plain white IBM cards using the 
extended spacing on an IBM Executive typewriter. S$ viewed the cards through a 
tachistoscope with an opening of 3 X 3 in. on a vertical plywood-board 30 X 20 
in. in size, which prevented S$ from seeing how the material was being reordered. $ 
was seated about 24 in. in front of the material and assigned alternately to re- 
placement and non-replacement conditions, with only one rate of presentation being 
made on any one day. 

For the fast rate, the tachistoscope allowed S to see the syllables for 0.75 sec. and 
a white uniform field, of the same intensity, for 1.25 sec. In the experiment which 
attempted to replicate Rock’s study, these times were 3 and 5 sec. for the presenta- 
tion of the pairs, and 2 and 3 sec. for the recall-test. This procedure differs from 
Rock's, which allowed 5 sec. for the recall-test, with no reported inter-syllable in- 
terval. The total time allowed for each recall-test was the same, however. Thus, the 
fast rate of presentation was higher by a factor of four for the presentation of the 
pairs and 2.5 for the’recall-test over those rites used by Rock. 

With the fast raté, there was a 6-sec. pxase before the recall-test and a 12-sec. 
interval between trials. A 30-sec. rest-period followed every 10 trials during which 
Ss were encouraged to talk to limit rehearsal. The rest-period was intended to re- 
duce some of the effects of massing. In the replication of Rock's study, the only 
time-delay was a 30-sec. pause between trials. 


* Rock, op. cit, 1957, 189. 
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The Ss in the non-replacement conditions for both rates of presentation were 
shown a list of pairs of syllables, one pair at a time, and then a list of the left-hand 
members of each pair, again one at a time, to which they were to respond. This 
procedure was repeated until § had responded correctly to an entire list. The Ss 
in the replacement-conditions were presented the list of syllables by the same pro- 
cedure as that used in the non-replacement condition with the exception that when- 
ever $ did not respond correctly to any syllable, that pair of syllables was replaced 
with a new pair on the next trial. There were 10 Ss in both conditions of the repli- 
cation of Rock's study and 14 Ss in both conditions of the fast-rate study. In both 
conditions, Ss were told ‘right’ or ‘wrong’ immediately after each response. 

To record responses and reorder the cards at the faster rate, two Es were neces- 
sary in the replacement-condition. Only one E was used for the non-replacement 
condition. 


RESULTS 


Fast rate. All 14 Ss in the non-replacement group reached criterion in 
the allotted hour, and generally in 15 to 30 min. Six of the 14 Ss in the 
replacement-group had not reached criterion at the end of the hour, and 
60 trials were chosen as the cut-off point. By Kendall’s test of significance 
Of This, the difference in number of trials to criterion between the two 
groups was significant beyond the 2% level (S = 134, SDs = 43.5).° 

Since there were only enough different paits of syllables to allow 15 
completely different lists to be ptesented to Ss in the replacement-group 
(there was a total of 120 different pairs), some pairs were used a second 
time on the assumption that if $ did not respond correctly to a pair, and 
then saw 119 different pairs after it, repetition was in effect a new pair. 
However, because of a plausible objection to this procedure, the two 
groups were compared on the first 11 trials: this is the number of trials 
it took the fastest § to reach criterion. The mean number of correct re- 
sponses on Trials 1 through 11 for both conditions is shown in Fig. 1. 
Again using Kendall's test of significance of 7,;,, the replacement and 
non-replacement groups were compared on each trial from 1 through 11. 
The differences between the two groups are not significant for Trials 1 
bees 6 and are significant beyond the 5% level for Trials 7 through 

At the end of the first trial, the only identical trial for both groups, 
the total number of correct responses was 6 for the non-replacement 
group and 7 for the replacement group, from a total possible of 112 
correct responses. After two trials, these figures were 6 and 10. Thus, 
there is no indication of an initial difference favoring the non-replacement 
group. 


a 
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Slow rate. In the replication of the one-trial study, the mean number of 
trials to criterion was 9.5 for the non-replacement group and 10.6 for the 
replacement-group. The SDs were 3.6 and 3.3. The difference between 
the two groups in number of trials to criterion was not significant ($ = 
15, SDs = 24.8, P < 0.56). Since essentially the same results were ob- 
tained as reported by Rock, only 10 Ss were used in each condition, 

Fast rate vs. slow rate. A comparison of the four groups in time to 
reach criterion shows that the Ss in the non-replacement groups required 


NONREPLACEMENT 
=== REPLACEMENT 


MEAN NUMBER CORRECT RESPONSES 


TRIALS 


Fic. 1. MEAN NUMBER OF CORRECT RESPONSES ON TRIALS I-11 FOR THE 
REPLACEMENT AND NON-REPLACEMENT GROUPS IN THE RAPID 
RATE OF PRESENTATION 


a mean total time of 21.2 min. for the slow rate, and 24.0 min. for the 
fast rate of presentation. The replacement-group in the slow condition 
reached criterion in a mean total time of 23.7 min. Since six Ss in the 
replacement-group of the fast condition did not reach criterion, the meas- 
ure is meaningless for this group. If, however, those six Ss are treated as 
if they had reached criterion on their last trial, the mean time is 42.5 
min, for that group. These times include all rest periods. 


DISCUSSION 


One assumption of this study was that reducing all interval-times re- 
duces rehearsals. This assumption seems to be supported by the fact that 
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the mean times to criterion, for the three groups which were allowed 
either repetition or rehearsal, were nearly identical. These times were 21.2 
24.0 and 23.7 min. The one group which was allowed neither rehearsal 
nor repetition (the replacement-group with fast rate) required a mean of 
more than 42,5 min, to reach criterion, An interesting hypothesis which fol- 
lows is that amount learned is a function of time, provided repetition or 
rehearsal is allowed. 

The results indicate that some kind of repetition is required to learn 
associations which have been perceived. This can account for the results 
obtained by Clark, Lansford, and Dallenbach,* when they replicated Rock's 
study which used letter-number pairs? except that the exposure-time for the 
pairs was reduced to 1 sec. The Ss were presented a list of material at a 
fast rate and then allowed time in which to rehearse whatever material 
was in short-term memory. If Ss rehearsed and learned any pairs incor- 
rectly during the inter-trial interval, the interference from those in- 
correct associations would give the replacement-group an advantage since 
they would be presented new pairs in place of those they had failed. Such 
are the results, 

Since it appears from the results of this study that Ss require opportunity 
for repetition in order to form associations, it becomes important not to 
ask if Rock’s studies demonstrate one-trial learning, but to determine why 
his results can be obtained at all, Why can Ss be shown material, be given 
time with that material, and yet not have their total time or number of 
trials to criterion affected by removal of that material? ‘Three possible 
answers are: (1) Ss decide to rehearse covertly some of the pairs until 
they have learned them and ignore, or not even look at, other pairs during 
this time; (2) Ss intend to learn every pair, and look at every pair, but 
do not rehearse all of them; and this ‘looking at only’ does not affect 
learning; (3) Ss look at, and actively rehearse, all of the pairs but learn 
nothing measureable about some of them. 
es Baers happening, determining why Rock's results can be 

esting. From E's observations this is not, however, the 
case. The Ss appear to attend to all of the pairs. But it has been reported 
that when Ss are forced to attend to each pair, by being required to 
respond overtly with each of the pairs as they are presented, Rock's results 
disappear even at the slow rate of presentation.’ This result is not unex- 
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pected when one considers that the overt response lessens the available time 
for forming each association. 

If (2) describes what is happening, it means that seeing without re- 
hearsing does not alter the probability of S's giving a correct response. The 
next possibility (3) is an extension of (2) and suggests that one can 
look at, and actively rehearse, some material without this effort’s having any 
effect on learning. If either (2) or (3), or a combination of them, is 
correct further investigation is demanded. 


SUMMARY 


A study by Rock which appears to demonstrate that Ss form associations 
on one trial rather than by gradual strengthening was replicated (1) as 
run by Rock, and (2) with rate of presentation increased, Results show 
that evidence for one-trial learning disappears when rehearsal-time avail- 
able to Ss is eliminated or greatly reduced, 


THE EFFECT OF REPETITION ON THE RETENTION 
OF INDIVIDUAL WORDS 


By BENNET B. MURDOCK, JR., and ARTHUR J. BABICK, 
University of Vermont 


Recently Rock has presented evidence suggesting that repetition prior 
to the formation of an associative bond does not facilitate learning, and 
this finding has subsequently been confirmed in two different laboratories? 
However, as Clark, Lansford, and Dallenbach have pointed out,* further 
corroboration with different learning methods and materials would appear 
to be highly desirable. Estes has reported data which appear to substantiate 
Rock's conclusion.t The present experiment is a further study of the effects 
of repetition on retention, 


Procedure, We used the method of free recall. Lists of 25 words were read to 
S by E; after each list $ recalled as many of the 25 words as possible. One of the 
25 words was the ‘critical word’ (CW). If the CW was not recalled, it was repeated 
in the next list. If it was not recalled after the second presentation it was repeated 
in the third list, and so on. Thus, the CW reappeared in list after list until it was 
correctly recalled; then a new CW’ was introduced and the same procedure con- 
tinued, 

With the above procedure we can determine the effect of repetition on retention 
by comparing the recall of CW's with the recall of non-CWs (i.e. comparable words 
presented only once). If repetition does have an effect, then with each additional 
repetition the probability of recall of the CW should increase until it is correctly 
recalled. On the other hand, if repetition has no effect, the probabilities of recall 
of CW's and non-CWs should not differ, 

Each $ was given a total of 80 lists: 30 in the first session, 30 in the second 
session, and 20 in the third session. The stimulus-material consisted of words taken 
from the Thorndike-Lorge list of the 1000 most common words in the English 
language.5 There were altogether 25 CW's. These 25 words were randomly selected 
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from the 10U0 words and were the same for all Ss. They were (in order): simple, 
dollar, remain, president, agree, now, double, buy, going, number, lost, always, 
from, subject, became, follow, less, shape, come, upon, their, leave, might, well, 
and happen. For each list, the 24 other words were selected from the remaining 
975 words. With 80 lists and 24 words per list a total of 1920 words was needed. 
Thus, almost all of the 975 words had to be used twice. The lists were constructed 
by arranging the 975 words in 40 rows of 24 each; the second set of 40 lists was 
obtained from the columns instead of the rows. No two words ever appeared in the 
same list more than once, and no word (other than a CW”) was ever repeated in 
two successive lists. 

Because of marked serial-position effects the CW was always placed at or near 
the middle of the list where the curve is flattest.’ Specifically, the CIV was ran- 
domly assigned to Serial Positions 10-16, inclusive. As far as possible, each of these 
positions was used equally often. There were six non-CWs per list; these were the 
remaining words in Serial Positions 10-16. Thus, if repetition has no effect, the 
average probabilities of recall of CWs and non-CWs should be the same. 

There were 18 Ss, students of both sexes from the course in introductory psy- 
chology. They were tested individually. As soon as a list had been read, S recalled 
as many words as possible in any order he wished. When 20 sec. had elapsed with- 
out any new words being recalled the trial was terminated and the next list read 
to $. Two practice-lists preceded the first session, and one practice-list preceded 
the second and third sessions. A 3-min. rest was given after every 10 test-lists. The 
Ss were not told that one word would be repeated until it was recalled; if during 
the course of testing they asked (about one-quarter did) they were given an 
evasive answer. 

The order in which the 80 lists were presented differed from $ to S. The order 
in which the CIs were presented was the same for all Ss. Thus, except for 
chance occurrences, each CW appeared in different lists for each $. 


Results. Since the presentation of a new CW depended upon S's per- 
formance, the number of CW's presented varied from S to S. The mean 
number of CWs presented was 11.1 words with an SD of 4.6. 

For all Ss, the total number of non-CWs recalled was 1,345 words. 
With a theoretical maximum of 8640 words (6 serial positions, 18 Ss, 
and 80 lists per $) the over-all probability of recall of a non-CW was 
0.156, To determine if the Cs were of comparable difficulty they were 
analyzed in the same way. For all Ss a total of 199 CIV’s was presented 
at least once, and of these 32 were recalled after the first presentation. 
The over-all probability of recall of a CW after the first presentation was 
0.161, and these two probabilities do not differ significantly (2 = 013). 
Since the initial probabilities of recall of CWs and non-CWs were almost 
identical, it would appear that CWs and non-CWs were of comparable 
difficulty. 


Serial effects in recall of unorganized and 
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The basic hypothesis of the present experiment is that the repetition 
of a word does not affect the probability of its recall. If this hypot 
is correct, then (with p the probability of recall and g the probability o 
non-recall) the probability that a CW will be recalled after the first 
presentation is p, after the second presentation pq, after the third pres 
sentation pq*, after the fourth presentation pg’, etc. Thus, the hypothe: 
to be tested is that the obtained distribution of recall-scores for CWs can 
adequately be described by the geometric distribution pq*! where x is 
the ordinal number of the presentation (i.e. 1, 2, 3, ..-). i 

In testing the obtained distribution against the expected geometric di 
tribution, all the data on recall of CWs were used. That is, those 


TABLE I 
Expecten (pq*) AND OBTAINED NuMBER OF PRESENTATIONS (x) REQUIRED 
FOR RECALL or CWs ] 

z Expected Obtained z Expected Obtained 
1 31.0 32 9 8.0 5 
2 26.3 25 10 6.8 8 
3 22.1 28 11 5.8 5 
4 18.7 18 12-13 8.8 8 
5 15.7 16 14-15 6.2 4 
Sa e a 

f 19 é 

8 9.6 3 an ee Ss 
Total 199.0 199 


that were recalled after the first presentation were included as well a 


those CW's that required one or more repetitions. When S$ did not recal 
the last CW presented to him, we assumed that he would have done s 


and makes it possible to include 15 more recall-scores of CWs in the 
data. To set up the expected geometric distribution we used the value 
p = 0.156, the probability of recall of the non-CWs. The ex and 
obtained distributions are shown in Table I. As can be seen, the differences 
are rather small and non-systematic. The value of Chi-square was 9.07 
which, with 13 df., was far from significant. By chance alone a worse f 
would be expected more than 75% of the time. Thus, it would appear 
the obtained results can be described quite accurately by a geometric di 
bution, and the results show that repetition has little effect on the retenti 
of individual words. 

The CW's used in the present experiment were, not surprisingly, 
unequal difficulty. An analysis of variance of the number of trials requi 
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to recall the first six CIs (the only CW's recalled by all 18 Ss) showed 
that the differences among the words were significant at well beyond 
the 0% level. A difficult word is one with a low probability of recall 
while an easy word is one with a high probability of recall; thus, the CW”s 
differed in their probability of recall. Fortunately it is possible to obtain 
a numerical estimate of the individual p-values for at least some of the 
CW if one is willing to assume that these p-values do not differ from 
S to S. The p-value for any given CW is simply the reciprocal of the 
mean number of presentations required to recall it. This follows from the 
fact that, in a geometric distribution, the mean is equal to 1/p. The 
p-values for the first 12 CWs were as follows: simple, 0.17; dollar, 0.31; 
remain, 0.07; president, 0.47; agree, 0.11; now, 0.12; double, 0.12; buy, 
0.10; going, 0.13; number, 0.17; lost, 0.18; and always, 0.11. The number 
of Ss recalling more than 12 CW's was too scanty to justify computing p- 
values for the remaining words. 

The differences among CW's in p-values immediately raises a question 
about averaging. That is, in the Chi-square reported above, one p-value 
(0.156) was used to calculate the expected distribution, but the group- 
curve (that is, the expected distribution shown in Table I) may not ac- 
curately reflect the average of the individual curves based on different 
p-values for different CW's. This problem of averaging has been discussed 
by Estes,” and the geometric distribution used here falls into Class C, func- 
tions modified in form by averaging. In such a case, however, Estes points 
out that the distortions due to averaging will be a function of the dis- 
persion of parameter-values (in the present case, p) and that sometimes 
this can be determined empirically.* In the present case we have the $ 
values for the first 12 CWs. We set up the appropriate geometric dis- 
tribution for each of the different p-values obtained and then averaged; 
while the results were very close to the expected results shown in Table I 
(no differences in probability greater than 0.02), there was a noticeable 
curvature in a semi-log plot. The obtained results were tested by Chi- 
square against the results expected by averaging the different p-values; the 
fit was just as good as before (p = 0.75). Thus, the results are adequately 
described by a geometric distribution even when allowance is made for 
unequal difficulty of the several CW's. 

In the preceding analysis it was necessary to assume that the p-values 
of the CW’s did not differ from S to S. In view of the possibility of idio- 


"Estes, The problem of inference from curves based on group data, Psychol. 


Bull., 53, 1956, 134-140. 
Estes, op. cit., 138. 
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syncratic factors such an assumption may not be tenable. Also, the two 
Chi-squares reported above may be questioned because of lack of inde- 
pendence (the 199 recall-scores were based on multiple entries from 18 
Ss). Therefore, still a third method of analysis was undertaken. We de- 
termined the probability of recall of non-CWs for each S individually; 
these p-values ranged from 0.106 to 0.235. Then, using the reciprocal 
relationship between p and mean trials to recall, we determined for each 
S the expected mean CW-recall. If a given $ had a p of 0.20, then we 
would expect that the mean number of trials required for that S to recall 
the CWs would be 5.0 trials. 

A comparison of the expected and obtained results (again assuming 
recall on the eighty-first trial) showed that 12 out of 18 Ss required more 
trials than expected, while only 6 Ss required fewer trials (p > 0.05). 
The difference in number of trials between observed and expected values 
was in the same direction (mean of 1.0 trials) but again this difference 
was not significant (t = 1.68, p > 0.05). Thus, if anything, Ss required 
more trials to recall the CWs than one would expect on the basis of indi- 
vidual p-values, and there is no evidence that idiosyncratic factors affected 
the main results. 


Discussion. Had repetition benefited retention, the recall-curves for the 
CWs would have risen further and further above the expected geometric 
curve as the number of repetitions increased. Irrespective of differences 
among CWs and possible idiosyncratic differences among Ss, the results 
obtained in the present experiment consistently followed a geometric 
curve, Therefore, the probability that a CW” would be recalled on any 
given trial was completely independent of the number of times that that 
Particular CW had been presented before. Our results clearly substan- 
Hi Rock; repetition prior to the first correct recall did not benefit reten- 
ion. 

Could the results of the Present experiment be explained (or explained 
away ) on the grounds that any word not recalled on the first presentation 
by a given $ must be more difficult for him, with this increased difficulty 
counteracting the benefits of tepetition? We think not. Differences in 
difficulty are really immaterial. Such differences merely mean that the p- 
values of individual CWs differ; as has been pointed out, these differences 

complicate the problem of averaging but do not affect the main results. 
The real test of the effects of repetition is in ptoducing departures from 
the geometric distribution, and there simply was no evidence of any such 
departure in the present results, 
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Finally, it should be noted that both Miller and McGill® and Bush and 
Mosteller’? have assumed that repetition prior to the first correct recall is 
ineffective. In the Bush-Mosteller stochastic model this is represented by 
the assumption that æ, = 1, and the authors present some supporting 
evidence from free-recall verbal learning.** Actually, both of these stochastic 
models go even farther and assume that any non-tecall leaves response- 
probability unchanged. According to both these models, however, response 
probability is increased by correct recalls; the recent results of Estes** 
appear to provide direct support for this contention.’ 


Summary. The present experiment used the method of free recall to 
study the effect of repetition on learning. One critical word was placed in 
the middle of a list of 25 words read once to S, and this same critical word 
was repeated in list after list until it had beeen correctly recalled. There 
was no apparent effect of repetition on recall. 


°G. A. Miller and W. J. McGill, A statistical description of verbal learning, 
Psychometrika, 17, 1952, 369-396. 4 A 

R, R. Bush and Frederick Mosteller, Stochastic Models for Learning, 1955, 
217-236. 

* Bush and Mosteller, op. cit, 218-223. 

2 Estes, op. cit, Psychol. Rev., 67, 1960, 215-220. 


THE EFFECT OF A REMOTE ANCHOR UPON JUDGMENT WITH 
A SALIENT WITHIN-SERIES STIMULUS-OBJECT AND WITH A 
FREE CHOICE OF SCALE 


By SAMUEL FILLENBAUM, University of North Carolina 


The judgment of stimuli is influenced by their context. It has been a 
very common finding that, upon the introduction of an anchor-stimulus 
outside one end of the stimulus-distribution, there are shifts in the judg- 
ment of the series-stimuli away from the category assigned to the anchor- 
stimulus as the subjective scale of judgment extends toward the anchor- 
stimulus.* Thus, if an item smaller than any in the stimulus-distribution is 
added, the near end of the judgmental scale shifts toward the anchor- 
stimulus, the category-limens shift downward, and there is an increase in 
the scale-values of the series-stimuli which now are placed in somewhat 
higher categories, 

The primary purpose of this study was to see if these changes in 
judgment would still be obtained if the stimulus-series contained a salient 
member which ‘naturally’ defined one of the categories of the judgment 
scale—the middle category. The Os were required to rate on a slimness- 
broadness dimension a series of rectangles symmetrically spaced around the 
central rectangle—a square. It was thought that the introduction of an 
anchor-stimulus, a rectangle slimmer than any in the experimental series, 
would lead to the usual changes in the judgment of the rectangles on the 
side of the square toward the anchor—the rectangles slimmer than the 
square—but would not lead to any changes in the judgment of the square 
or the other rectangles broader than the square, on the far side of the 
distribution away from the anchor. 

As has been pointed out before, the interpretation of context-effects in 
judgment is ambiguous? They can be regarded “either as distortions of 
identity judgments which are independent of the specific details of the 
response system allowed, or as semantic effects limited to the specific 


* Received for publication August 16, 1960. 
1 > i 
pS ui eg plas) Volkmann, The anchoring of an affective scale, this 
! » 49, 1937, 88-92; H. R. McGarv , Anchoring effects in the absolute 
jidameat of verbal materials, Arch. Psychol, 39, 1943, (No. 281), 1-86. 
tal PAE pie hee i and W. A. Hunt. Context effects with judgmen- 
Psychol, 55, 1958, 220-228, Sive, and extta-experimentally anchored, J. exp. 
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response system employed in the method of single stimuli.”* This study 
was designed, also, to get some information as to whether or not the 
judgmental changes resulting from the introduction of a remote anchor 
are mainly semantic effects. If O has to make his judgments using a fixed 
number of categories in the scale, the introduction of a remote anchor may 
lead to "a redefinition of the judgment categories which can be independ- 
ent of any distortion in identity judgments.”* The whole experiment was 
therefore run under fixed-scale instructions and repeated under instruc- 
tions which permitted the Os to use as many categories as they wished in 
their subjective scales of judgment. 


Experimental design. For some of the Os, the distribution of stimulus-objects 
consisted of rectangles both slimmer and broader than a square, and included a 
square as the perceptually salient item (Distinguished Condition). The other Os 
were presented with a homogeneous stimulus-distribution, all items being slimmer 
than a square (Undistinguished Condition). In each condition, some of the Os 
were permitted free choice as to the number of categories to be used in the judg- 
mental scale and other Os were told to use a fixed five-category scale. Finally, in 
each of the four sub-conditions some of the Os were presented with the control 
distribution in which all the stimulus-objects were evenly spaced over the range, 
and other Os were presented with the experimental distribution which was the 
same as the control distribution with the addition of a remote anchor two steps 
below the slimmest rectangle in the series. The anchor was presented for judgment 
just as were the other objects, but it appeared twice as often as any other one. 

Materials, Each rectangle was displayed on a 31 xX 56 cm. white card in front 
of a large dark screen for about 2 sec. The height of the rectangles was kept 
constant, and shape was varied by changing the breadth. 

In the Distinguished Condition, the seven rectangles were spaced at equal 
logarithmic steps. The ratio of height to base for the slimmest rectangle was 
1.21:1, while for the broadest rectangle this ratio was 0.73:1. The height of the 
rectangles always was 20 cm., and breadths were as follows: 16.50, 17.54, 18.68, 
20.00, 21.26, 22.72, and 24.08 cm. The ratio of height to base for the anchor was 
1.38:1, and its breadth was 14.50 cm. 

In the Undistinguished Condition, the six rectangles employed also were midi 
at equal logarithmic steps. The ratio of height to base for the slimmest WER: 
was 5.02:1, while for the broadest rectangle this ratio was 2.64:1. The height o! 
the rectangles always was 25 cm. and their breadths were as follows: ee ane 
6.45, 7.33, 8.33, and 9.47 cm. The ratio of height to base for the anchor was 6.44:1, 


and its breadth was 3.87 cm. 
Instructions and procedure. The Os : 
responses and then read the following instructions: 


This is an experiment in shape-perceptio 


The Os were give sheets on which to record their 


* Ibid., 220. 
* Ibid., 221. 
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scale Os, the instructions continued thus}: Use the following five-ca r 
—2 (very slim), —1 (slim), 0 (medium), +1 (broad), +2 (very 4 
the free choice Os, the following was substituted}: Use as many categories as 
can in your scale of slimness-broadness. Let 0 stand for medium and use +1, 
etc., as you may need for the broader rectangles and —1, —2, etc. as you 

for the slimmer ones, so that your largest positive number will be used 
broadest rectangle and your largest negative number for the slimmest 

{The instructions up to this point were repeated for all Os, and then co ves 

as follows}: Look at the rectangle, your ju t and record it on the 
sheet. Make a judgment for ev 

times be difficult. Do not go back and 
have been presented. This experiment deals wii 


judging you will be given some practice just looking at the rectangles one at a 
time, so as to acquaint yourself with them. 

In the Distinguished Condition, rectangles were randomized in blocks of seven 
(control distribution), or nine (experimental distribution). In the Undistinguished 
Condition, rectangles were randomized in blocks of six (control distribution), or | 
cight (experimental distribution). The acquaintance-series comprised from 24-28 
presentations (3-4 blocks); the Os then made 80 judgments. The last 60 or so of 
these constituted the data, the first few judgments not being scored to allow further 
time for the judgmental scale to stabilize. 

Observers. The Os were 205 undergraduates at the University of California who 
participated in the experiment to satisfy a class requirement.5 They were run in 
small groups, mostly of three or four, and were assigned at random to the various 
conditions: Distinguished Condition, fixed scale, 22 experimental Os and 18 con- 
trol Os; free scale, 27 experimental and 25 control; Undistinguished Condition, 


fixed pes 21 experimental and 43 control; free scale, 24 experimental and 25 
control. 


Results. For all Os using the fixed five-category scale, the mean rating 
given each rectangle was computed. The means of these mean ratings for 
the various conditions are given in Table I, as are the f-values resulting 
from an analysis of the differences in rating between the experimental and 
control Os. It is clear that in these circumstances the introduction of a 
remote anchor led to significant shifts in the judgment of the rectangles 
both in the Distinguished and in the Undistinguished Condition. 


zor thot Os who were permitted free choice as to the number of cate- 
gories in the judgmental 


“For various reasons the data of 18 or 19 S: i À 
o € 0 s had to be discarded; most of these 
pie: not follow the instructions or turned in apparently random response- 
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the control and for the experimental Os. The Mann-Whitney test was ap- 
plied to these values as a test of the difference in average location of the 
neutral level. For both conditions, the neutral level was lower in the ex- 
perimental than in the control group, but the significance of these differ- 
ences is borderline (in the Distinguished Condition, p = 0.06, in the Un- 
distinguished Condition, p = 0.04, both tests one tailed). 

The results were essentially the same whether the distribution of the 
stimulus-rectangles was homogeneous or contained a perceptually salient 
member which ‘naturally’ defined the middle category (for the control 


TABLE I 


Mean CATEGORY-NUMBER AssiGNep EACH STIMULUS-RECTANGLE AND -VALUES 
FOR SIGNIFICANCE OF DIFFERENCES IN RATING BETWEEN EXPERIMENTAL 
AND CONTROL GROUPS 


Stimulus-number 
Condition G; Anchor 
Š g 1 2 3 4 5 6 7 
Distin- Exp. ~1.98 —0.91 —0.69 —0.25 0.28 0.92 1.44 1.96 
guished Control —1.86 —1.12 —0.57 0.02 0.61 1.15 1.89 
t 11.40 3.59%  2.15f 2.17¢ 2.48* 2.62* 0.93 
Undistin- Exp. ~1.74 —0.73 —0.27 0.27 0.79 1.26 1.81 
guished Control —1.71 —1.02 —0.38 0.32 0.92 1.68 
t 11.12% 7.02%  5.48* 4.42* 3.35* 1.29 


* »<0.01 (one tail). 
t p<0.05 (one tail). 


group the mean category-number assigned the square was 0.02). The 
range in width of the rectangles presented had a decided effect on the 
rating of the items when a fixed scale was specified. Judgment was not 
‘absolute’ when the distribution of rectangles extended farther toward the 
narrow than the broad end, a square was rated somewhat broader than 
medium on a scale of slimness-broadness. 

When free choice was permitted as to the number of categories in the 
subjective scale, the differences in judgment due to the presence of a remote 
anchor, while still in the same direction, were less clear cut, both for the 
homogeneous and the heterogeneous stimulus-distributions, This finding 
indicates that, in part, these differences may perhaps be regarded as seman- 
tic effects resulting from restriction in the number of available response- 
categories, The finding that even in the free-choice case there were still 
differences of borderline significance suggests, however, that these context- 
effects cannot be entirely explained by recourse to semantic factors, and that 
shifts in stimulus-range may lead to changes in the appearance of the 
stimulus-objects which are independent of the particular language employed 
by O. 
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The addition of another rectangle and the broadening of the stimulus 
range for the experimental groups did not lead to any increase in 
number of categories employed when free choice of scale was permitted. 
Splitting the distribution of the number of categories employed at the 
median of the total group (experimental and control Os) resulted, for 
both conditions, in X*- values far short of significance. } 


provide some information as to whether these changes in judgment migh 
be regarded mainly as semantic effects due to restriction in the number of 
available response-categories, 
The Os were required to rate each of a series of rectangles on a slimne: 
proez saei ahd ar were much the same whether the di 
was (all rectangles slimmer than a square) 0 
heterogeneous (including a square as the perceptually salient member and 
rectangles both slimmer and broader than the square). The presence of a 
femote anchor led to differences in judgment, the rating of the stimulus- 
series shifting away from the category assigned the anchor. This effect was 
quite clear cut when a fixed five-category scale was employed, but only of 


The results indicate that the range of stimulus-objects employed has an | 
effect on judgment. Even with a salient anchor within the stimulus-distri- 
bution, judgment was not ‘absolute.’ The fact that, with free choice of 
categories, there were still some changes due to the presence of the remote | 
anchor suggests that this effect cannot be interpreted entirely in semantic 


terms, = 


ATTENTION AND ASSIMILATION 


By Ri-ey W. GARDNER and LEANDER J. LOHRENZ, 
The Menninger Foundation 


In a recent study of individual consistencies in cognitive functions, 
Gardner and his associates? stated that consistent individual differences in 
assimilation,? which they observed and referred to as a ‘leveling-sharpening 
dimension,’ could result from differences in the degree, i.e. clarity and 
vividness, with which persons attend to new experiences. This hypothesis 
is related to Köhler and Adams’ finding that perceptual articulation and 
degree of satiation are functions of the degree of attention.* Clarification 
of relations between attention and assimilation is important to understand- 
ing both the phenomenon of assimilation and the wide ranges of individ- 
ual differences observed in studies of assimilation. 

The double task method, devised by Geissler," was employed to reduce 
the degree of attention given to visual designs by an experimental group, 
as compared to a control group who viewed the designs under normal 
conditions, There seemed to be no doubt that requiring Ss in the experi- 
mental group to count backward by twos while viewing designs presented 
sequentially reduced attention to the designs. All members of a pilot group 
reported that counting backward was surprisingly distracting, that it inter- 
fered with attending to the designs and made it more difficult to recall 
them. 

Te ee SS eee 

* ication September . This research was supported by 
ner Accented for publication September 1$ ene of Mental Health, Public Health 
Semice. y Gardner, P. $. Holzman, G. S: Klein, H. B. Linton, and D. P. Spence, 
Cognitive cakoi A study of individual consistencies in cognitive behavior, 
P men Ae AR” Zar Theorie des Sukzessivvergleichs und der Zeitfebler, 
Psychol. Forsch, 4, 1923, 115-175; Otto Lauenstein, Ansatz zu einer physiologischen 
Theorie des Vergleichs und der Zeitfehler, ibid., 17, 1933, 130-177. . 

2P, S. Holzman, The relation of assimilation tendencies in visual, auditory, 
and Kinesthetic time-error to cognitive attitudes of leveling and sharpening, J. a 
22, 1954, 375-394; P. S. Holzman and G. S. Klein, Cognitive system-principles 
of leveling and sharpening: Individual differences in assimilation effects in visual 
i Solfgang Köhler A a, Perception and attention, this JOURNAL, 

Le ee ion, this JOURNAL, 20, 1909, 515. 
se p gisler The merema aÉ sent of attention, ly 24, 1913, 90. 
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METHOD 


Subjects. The Ss, 30 women, ranging in ages from 22 to 38 yr. (mean 30.1 yr.), 
were divided haphazardly into two groups of 15 each: one, the control group, and 
the other, the experimental group. 

Apparatus. Four pairs of designs (See Fig. 1) conducive to mutual assimilation 
were selected from those employed by Gibson.® Each design was displayed individ- 
ually on a white screen by means of an automatic slide projector connected to an 
interval-timer. Room lights were dimmed to increase the visibility of the designs. 


PAIR 1 PAIR 2 
B 


— 


T O 


Fic. 1. DESIGNS EXPOSED SUCCESSIVELY TO THE SS 


be first design of each pair (e.g. 1A) was shown for 0.5 sec. After a 2-sec., 

= interval, the second design of that pair (e.g. 1 B) was shown for 0.5 sec. 
T e figures on the screen averaged about 32 in, in the longest dimension and were 
viewed at a distance of about 15 ft. 


Instructions and procedure: Control Group. The instructions and procedure for the 
Control Group were as follows, 


You will be using the group of Papers numbered one through four. You will 


be shown some figures on the screen. They will appear in rapid succession, so you 


will need to watch the screen caref $ 
ME Ea arefully. Watch the screen very carefully so that 


Design 1 A was then projected, followed by 1B. E then said: 


Use Sheet No. 1 to draw the figures that you just saw, Draw as accurately as 
possible. Draw and number the figures in the order in which they appeared. 


K A Gipson; The reproduction of visually perceived forms, J. exp. Psychol, 
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Then the designs of Pairs 2, 3, and 4 were shown in turn after similar instruc- 
tions were given. In every instance the Ss were given as much time as necessary to 
reproduce the designs. A rest-interval, equivalent to the time required for the 
special instructions given to the Experimental Group, intervened between the pres- 
entation of Pairs 2 and 3. 

Experimental Group. For Pairs 1 and 2, the procedure was the same as that used 
with the Control Group. Before presenting the designs of Pairs 3 and 4, E said: 


We will now practice doing something that will be necessary for our next test. 
We will be counting backward by twos in unison. Since all of you will participate, 
we will have to work out the proper timing together now. Just for practice, let's 
try this now, starting at 30. Watch the screen while you are counting. Ready? 
Begin. 30 ... 28...26... (etc.). 


E engaged the timer at the count of 20. While the Ss continued counting, two 
blank projections appeared on the screen in sequence in the temporal arrangement 
used for the designs. During this and subsequent counting periods, a second E 
observed the Ss. Those who counted softly (as if to reduce the distraction) were 
urged to count in a “loud, clear voice.” E then said: 


Now we are ready for the next test. You will be counting backward by twos 
just as we have practiced it, but sometime during the time you are counting, two 
designs [3 A and 3 B] will be shown on the screen in succession, just as the two 
light patches appeared while we were practicing. Therefore, while you are counting, 
you will also have to watch the screen at all times so that you will not miss seeing 
these designs. Remember to watch the screen carefully as we count. When the de- 
signs come on, keep counting. Do not stop counting until you are specifically in- 
structed to do so, which will be after the designs disappear. We will start with 60. 
Ready? Begin: 60...58...56... (etc.). 


E engaged the timer at the count of 52. He interrupted with the following in- 
structions after both designs had been exposed and two additional numbers had 


been called. 


Stop counting. On Sheet No. 3 draw the figures you just saw as accurately as 
possible. Draw and number them in the order in which they appeared, 


A similar procedure was used for Pair 4. Counting began at 80 and the timer 
was engaged at the count of 74. Ss again continued counting while viewing the 
designs. 


Ratings of assimilation. Three raters independently ranked each of the four 
pairs of drawings by all of the 30 Ss in terms of degree of assimilative interaction. 
The lowest rank was assigned to the drawings containing least evidence of assimila- 
tion. The following general rules were formulated to help the raters distinguish 
assimilation from other kinds of inaccuracy in Ss’ drawings. , ; 

(1) Assimilation was inferred only when one or both members of a pair varied 
from the actual stimuli in ways attributable to the presence of the other member 
of the pair or preceding pairs. Other variations from the actual stimuli were ig- 
nored, AS 

(2) Omissions were not attributed to assimi 
was not drawn, the rater based his judgment on 
other member. 


lation. When one member of a pair 
ly on assimilation apparent in the 
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(3) Between-pair interaction was considered more extreme evidence of assimila- 
tion than interaction between members of a pair. 

Coefficients of concordance (Kendall's W) were computed for the rankings of 
each pair by the three raters. All four W's were significant at P < 0.001. The 
lowest of the four highly significant F-values was obtained for Pair 1, in which 
no interaction between the pairs was possible. 


RESULTS 


Quantitative findings. Mann-Whitney U-tests were employed to assess 
differences between rankings for the control and experimental groups on 
Pairs 1 and 2, which both groups observed without counting, and on 
Pairs 3 and 4, which the experimental group viewed while counting back- 


TABLE I 
Mann-Wanrney U-Tests or RATINGS OF ASSIMILATION FOR 
STIMULUS-PAIRS 3 AND 4 


Sum of ranks 
Rater U P 
control experimental 
1 134.5 330.5 14.5 <0.002 
2 135.5 329.5 15.5 <0.002 
3 132.5 332.5 12.5 <0.002 
Combined 129.0 336.0 9.0 <0.002 


ward. None of the Us for the individual or combined raters was signifi- 
cant for Pairs 1 and 2. The sums of ranks, U- and P-values for Pairs 
3 and 4 appear in Table I. The Experimental Group (condition of distrac- 
tion) clearly showed greater assimilation than the Control Group (neu- 
tral condition). 

Qualitative findings. Assimilation was clearly apparent in nearly all the 
drawings produced by our Ss, We did not, however, anticipate the variety 
of forms in which assimilation occurred, particularly in the Experimental 
Group. These forms ranged from changes toward greater similarity be- 
tween members of a single pair, or transposition of one element from one 
member to another, to gross interactions between pairs. Perhaps the out- 
standing example of the latter form of assimilation was produced by a 
member of the Experimental Group who, when asked to draw Pair 4, pro- 
duced a recognizable drawing of Pair 1. Other forms of assimilation in- 
cluded rotations or partial rotations of one member of a pair into greater 
congruence with the orientation of the other member, or members of 
another pair. In an extreme example of such rotation, an $ produced an 
unusual pair of drawings that appeared to contain elements of a preced- 


ing pair, but with the new pair rotated 90° in a sort of compromise with 
the earlier pair. 
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DISCUSSION 


Our results seem to provide clear evidence that the degree with which 
stimuli are attended to is a determinant of the amount of mutual assimila- 
tion among them when they are presented sequentially. Our results are 
thus analogous to Köhler and Adams’ finding that attention is one determi- 
nant of perceptual articulation and degree of satiation.’ Concentration of 
attention upon stimuli so fixes or stabilizes percepts that they are less sus- 
ceptible to interaction with memories of related earlier experiences in the 
course of memory formation. 

These results seem to imply that any artificial reduction of the degree 
with which S attends to a stimulus may increase the degree of assimila- 
tion it undergoes. There seems to be an obvious link, for example, be- 
tween the present findings and the registration of stimuli presented tach- 
istoscopically or in other ways that prevent optimal attention to the stimuli 
(e.g. as in masking procedures). Recent studies of subliminal registration 
are a case in point. Our results suggest that such stimuli may undergo a 
fate in the process of memory formation different from that of stimuli 
attended to with a greater degree of attention. In other situations, a low 
degree of attention to particular stimuli could result from the fact that 
S's attention is primarily directed to other stimuli. To take but one exam- 
ple, our results suggest that impressions of ‘incidental’ stimuli in experi- 
ments on learning may be subject to greater assimilative interaction with 
related memories than are the stimuli to which attention is primarily 
directed, 

From the point of view of individual differences in assimilation, the 
present results point to an even more intriguing possibility: that individ- 
uals differ in the discreteness with which they record and hence remem- 
ber events in part because of characteristic differences in the degree with 
which they attend to stimuli. 


1 Kohler and Adams, op cit., 503. 
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THE RESISTIVE SHEET: A GRIDLESS AND WIRELESS 
SHOCKING TECHNIQUE 


By NICHOLAS LONGO, LAWRENCE R. HOLLAND, and M. E. BrrrERMAN, 
Bryn Mawr College 


The difficulties inherent in the conventional shocking grid are well 
known. If the distance between bars is large, the animal may avoid con- 
tact with oppositely charged surfaces. If the distance between bars is 
small, the likelihood of short-circuiting by urine or faeces is high. In 
work with some species, such as the rat, the grid may be used with fair 
confidence if supplemented with a motor-driven commutator which pro- 
duces a shifting pattern of potentials on the bars, but a dependable grid 
is entirely out of the question with other species, such as the cockroach, 
whose extremities are rather delicate and whose capacity for the produc- 
tion of grid-shorting fluids is abundant. 


As an alternative to the grid, wires may be attached directly to the animal; in 
the simplest case, only one lead is necessary because a conductive substrate will 
serve as the second. This technique works well with the pigeon, but it is inap- 
plicable to many other animals. The rat, for example, shows great ingenuity in 
removing leads attached to it, and the problem of how to make a stable, con- 
ductive connection to the fly or the cockroach has thus far seemed insoluble. 

‘Yet a third technique of administering shock, which involves neither grids nor 
wires, was explored several years ago by Licklider.? The animal stands on a single 


earlier by Griffith, who was dissatisfied, not with the shocking properties of grids, 
but with their tactual and visual properties. Griffith wanted a shocking surface 


for any purpose of the United States Government. 


continuous use, J. comp. physiol. Psychol., 40, 1947 305-307; L. B. Wyckoff and 
H. A. Page, A grid for administering shock, this JOURNAL, 67, 1954, 154; J. A. 
Dinsmoor. A new shock grid for rats, J. exp. Anal. Behav., 1, 1958, 264. 

J. C. R. Licklider, A gridless, Wireless rat-shocker, J. comp. physiol. Psychol., 


*C. R. Griffith, A new method of administeri ck i i <perimenta- 
tion, this JOURNAL, 43, 1931, 286-287. ee ia nial experimen 
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which would be indistinguishable from the ordinary pathways of an elevated maze. 
Accordingly, he stapled a wire to a wooden pathway, covered the junction and the 
pathway itself with aluminum paint, and then connected the other end of the 
wire to one side of the secondary of a Harvard inductorium, the other side of the 
secondary remaining open, A rat standing on any part of the aluminum-painted 
surface would be shocked when a 12-v. source was connected across the primary, 
Griffith reported. One of the present authors (MEB) worked for several days 
not long ago with William A. Shaw of the University of Pennsylvania in an 
effort to duplicate Griffith's results, but sporadic shock was the best that could 
be achieved. A number of investigators attempted independently to duplicate 
Licklider’s results soon after they were published, also without success. The re- 
port of Beck, Waterhouse, and Runyon well reflects the difficulties encountered. 


The technique which is described here—also gridless and wireless— 
grew out of our attempts to shock insects (flies and cockroaches). After 
many failures with grids of one sort or another, we succeeded at last by 
impressing a voltage across a piece of wet blotting paper on which the 
animal stood, thus connecting the animal in parallel with the circuit 
through the paper. (Leads were stapled to the paper and the junctions 
coated with silver circuit-paint.) Later, the wet blotting paper was replaced 
by a dry, hard-surfaced paper which was rubbed with powdered graphite 
or painted with a mixture of graphite and black asphaltum. In all cases, 
the electrical resistance of the shocking surface was so low to begin with 
(on the order of 100-500 @/in.) that it was not reduced appreciably by 
watery exudates from the cockroach. The shocking voltages used also were 
low (110-v, A.C. stepped down by means of a Variac). With this tech- 
nique, failure of shock never was encountered in many hundreds of trials. 

The method used to provide an objective measure of the efficacy of the 
new shocking technique (which was designed ultimately for the study of 
classical conditioning in insects) is an extension of a method designed 
earlier for the study of classical conditioning in small aquatic animals. 
The transducer is a crystal phonograph-cartridge, the output of which is 
amplified and integrated. In this case, the cartridge detects, not the move- 
ment of a paddle in the water of an aquarium, but the movement of a 
platform on which the insect stands, An arrangement used for the fly 
(Sarcophaga bullata) is shown in Fig. 1. The platform is of thin plastic, 
painted with a mixture of graphite and black asphaltum, and flexible leads 
are run from each side of the platform to the output of the Variac which 

tun tron ee ae 


E i ical solu- 
*L. H. Beck, I. K. Waterhouse, and R. P. Runyon, Practical and theoretica 

tions to difficulties in using Licklider’s rat shocker, J. comp. physiol. Psychol., 46, 

1933, ss K $ : iste, 
pile T Hote Nicholas Longo, and M. E. Bitterman, A classical conditioning 

technique for small aquatic animals, this JOURNAL, 73, 1960, 623-626. 


614 APPARATUS 


supplies the shocking voltage, The fly is restrained by an overhead beam 
running through a loop of thread fixed with wax to its dorsal surface. 
(The loop is attached in such a way that normal movement, even flight, 
continues to be possible when there is no restraint). The platform is set 
on a light rod which is inserted into the needle-holder of the phonograph- 
cartridge. In work with the cockroach (Periplaneta americana or orientalis), 
a covered box of thin plastic replaces the open platform used for the fly, 
and the unharnessed $ is permitted to walk freely about in it. In both 
cases, the activity of the animal is measured during a 2-sec. interval (set 


Fic. 1. AN ARRANGEMENT FOR MEASURING RESPONSE TO SHOCK IN THE FLY 


on a Hunter timer). At the start of the interval, the cartridge is con- 
nected to the integrator, and at the termination of the interval the con- 
nection is broken. Shock may or may not be scheduled during the first 
portion of the interval, and the two kinds of interval are programmed in 
random order. The efficacy of the shocking technique may be evaluated 
by comparing the distribution of activity-scores (integrator-readings) for 
intervals scheduled to begin with shock and the distribution of activity- 
scores for control intervals, If there is no overlapping of the two distribu- 
tions, one can say with considerable confidence that there has been no 
failure of shock, although overlapping does not mean necessarily that 
there has been failure, 

Sample data for a cockroach (orientalis) and a fly are plotted in Fig. 2. 
For the fly, 80 v. were applied across a raphite-asphaltum surface; for 
the cockroa > 50 v. across a surface of moistened blotting paper. The 
curves indicate some variability in fesponse to shock, but there is no 


suggestion of shock-failure; the measures for shock-intervals and control 
intervals do not overlap, 
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Fo adapt this technique for work with the rat, a shocking surface of 
higher resistance was required, because of the high skin-resistance of the 
rat, The higher resistance was achieved simply by using less graphite per 
volume of asphaltum in the graphite-asphaltum mixture, which was ap- 
plied in this case to a base of Plexiglas. With the surface-resistance in- 
creased, a higher shocking voltage was required, and in the design of the 
shocking circuit one of the major difficulties inherent in the new technique 
was considered and solved. When a voltage-difference is applied at two 
points of a resistive sheet on which a rat stands, the amount of current 
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Fic. 2. Acriviry-MEASURES FoR Two Insects MADE DURING SHOCK-INTERVALS 
AND DURING CONTROL INTERVALS 

received by the animal will vary with its orientation. When the long axis 

of the animal is perpendicular to a line between the points at which the 

potential-difference is applied, it receives Jess shock than when its long 

axis is parallel to that line. To minimize the effect of orientation, a 

rotating electrical field may be used. } - : 

With 60-cycle A.C.-power, 2 rotating field is obtained by phasing two 
independent fields which are at right angles to each other in such a way 
that one reaches its peak value when the other is at zero. The rotation 
may be accomplished by either of two methods: (1) One field is retarded 
by a choke while the other is advanced by a condenser, with the na of 
the phase-shifts being 90°. (2) One field is advanced almost 90 by a 
condenser while the other is equalized but not phased by a resistor. The 
second method is more economical in that the choke is eliminated, but a 
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higher supply-voltage is required for any given effect. The circuit act 
used is diagrammed in Fig. 3, and the way in which it was connected 
the shocking surface is shown, Two connections were made to each ed 


satisfactory (but more expensive) circuit of the first type replaces each — 
R, with a choke of 200H; each capacitance is 0.04 p.f., and each R, is 
150K. 

The shocking surface used in preliminary tests was a 9-in. square of — 
V4-in. Plexiglas, with a series of 14-in. holes cut into it to permit the 


A 
(E 
8 
c 
[EE 
o 
Ri 
E 
EE 
F 
Ri 
| P z D B 
a RESISTIVE 


SURFACE 


VARIAC 


Fic. 3. A CIRCUIT USED FOR SHOCKING RATS AND PIGEONS 
(Transformers: Stancor P-8150, 1550 v, Capacitors: 0.0025 uf. 
Resistors: Rs, 1 megohm; Rs, 250K.) 


running off of urine. At eight points equidistant about the edges of the 
square, banana plugs were set into the Plexiglas, and their junctions with — 
the upper surface of the square were coated with silver circuit-paint. (The 
receptacles for the plugs were set into a base made of another piece of — 

4-in, Plexiglas, and from them ran leads to the shocking circuit. This 
arrangement made it easy to remove the upper portion for cleaning.) A 
gtaphite-asphaltum mixture then was applied, which produced a resistance 
of about one megohm between Opposite edges, 

The base into which the shocking surface could be plugged rested on 
the floor of a small picnic chest. Below the base, fixed also on the floor — 
of the chest, was a crystal Phonograph-cartridge in a small metal case. 
From the needle-holder of the Cartridge there protruded a light metal 
tod, to the other end of which was attached a lead weight. The picnic 
chest itself rested on a sheet of foam rubber. The arrangement was such | 
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that slight movements of the rat on the shocking surface would displace 
the lead weight and produce a voltage across the cartridge. This voltage 
was amplified and integrated, in the manner described earlier, to provide 
an objective measure of overt response to shock." (This apparatus, like 
that for insects, was designed ultimately for the study of classical condi- 
tioning.) 

Some sample data for a rat are presented in the lower portion of Fig. 4. 
As in the work with insects, activity was measured during 2-sec. intervals, 
in the first second of which shock was scheduled. Activity also was meas- 
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Fic. 4. RESPONSE TO SHOCK IN RAT AND PIGEON 


ured during control intervals of the same duration, but the resulting values 
were too small to be worth plotting; the highest control value for the 
series of tests shown in Fig. 4 was 0.30. The Variac setting for the series 
was 50 v. The upper portion of Fig. 4 shows the results obtained with a 
pigeon, The procedure here was the same as that for the rat in all respects 
except that the pigeon’s feet were rubbed with electrode-jelly before the 
tests were made. The highest control value recorded during the series was 
0.03 (the pigeon tending, of course, to be rather inactive in the dark). 
While a painted shocking surface gives rather good results on the whole, 
it has certain disadvantages. Urine wets it easily, and markedly reduces its 
resistance in variable ways. Furthermore, after repeated exposure to waste- 
materials, and after repeated washing and drying, its homogeneity may be 
lost permanently. With somewhat greater effort, it is possible to make a 
more satisfactory surface and one which will last indefinitely. Rows of 
holes, 0.12-in. in diameter and 0.30-in. apart (center-to-center), are 


*Tbid., 623-626. 
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drilled in a square of ¥/,-in. Plexiglas, and filled with brass rivets (7/32- 
in. shanks and heads). Rows of larger holes, 0.20-in. in diameter, are 
drilled in staggered fashion between the rows of rivets to permit the 
running off of urine. To the underside of the plastic, a mixture of graphite 
and Weldwood Presto-Set Glue (in proportions adjusted to give the re- 
quired resistivity) is applied with a trowel, the mixture being pressed into 
the hollow shanks of the rivets in such a way as to ensure good contact. 
When the glue has dried, a layer of clear plastic is sprayed over it, and 
the result is wet-proof." It is the rivet-heads, of course, which onstitute 
the shocking surface. Urine sprinkled on such a surface does not appre- 
ciably alter its resistance. 

After rivet-head surfaces were constructed and found to work nicely for 
pigeon and rat, a much simpler solution to the problem of surface-stability 
was discovered. Enough carbon to give the desired resistance was added 
to a thick solution of Styrofoam in methyl-cthyl-keytone, and the mixture 
applied with a brush to a Plexiglas plate in the same manner as the car- 
bon-asphaltum mixture used earlier. Again, holes were drilled in the plate 
to permit the running off of urine. Such surfaces have proved to be very 
stable indeed, and they are, of course, much easier to prepare than even 
the most primitive grid of equal dimensions. 

; A difficulty which has not yet been resolved, and which seems to be 
inherent in the technique here described, is to be found by the fact that 
the amount of shock received by the animal will vary with the nature of 
its contact with the shocking surface. All other things being equal, a rat 
receives less shock when it rears up on its hind legs than when it stands 
on all fours, and a pigeon receives less shock when it stands on one foot 
than when it stands on both feet. Just how serious this limitation is con- 
sidered to be will depend on the purposes of the investigator. In work 
we some species, as has already been noted, there simply is no reasonable 
alternative to the resistive sheet. In work with other species, which per- 
mit a choice between grid and resistive sheet, the advantages and disad- 
vantages of each method must be weighed. It is by no means certain, of 
course, that the intensity of shock from the best available grid is substanti- 
ally less variable (quite apart from the possibility of complete failure) 
than the intensity of shock from a resistive sheet. It would be interesting 


to make comparative studies of the two techniques by methods such as we 
have used here. 
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THE CONTINUOUS MEASUREMENT OF PALMAR SWEATING 


By R. C. Witcorr, Western Reserve University, and H. G. BRENKEN, 
University of Nebraska College of Medicine 


The major problem has been in finding a device that would provide a 
sensitive and reliable measure of the moisture-content of a continuous flow 
of air, The hydroscopic fibers employed by Darrow were satisfactory in 
this respect, but difficult to calibrate.* A device has recently become com- 
mercially available which overcomes this difficulty, and its application for 
the measurement of palmar sweating is described in this report. 

The device used for the measurement of the moisture-content of a 
continuous flow of gas is a ‘Coulometric Cell’ developed and produced by 
Consolidated Electrodynamic Corporation (Pasadena, California). The fol- 
lowing is a description of this unit based on the manufacturer's specifica- 
tions: It operates on the basis of the simultaneous absorption and elec- 
trolysis of the water-content of a gas flowing through it. The cell consists 
of a tube which has a pair of platinum wires wound in a double helix on 


pet million by means of a calibration formula derived from Faraday's Law. 
The range of the cell is from 1-20,000 parts per million. The latency of 


the cell is 0.7 sec. ‘ 
The accessory equipment used for adapting the cell to this problem 
| the eono eat T 
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are: (1) a plastic chamber for enclosing a circular area of the palm and 

for providing a path by which the gas is passed over the palmar surface 

and then through the cell; (2) a source of dry nitrogen gas with equip- 
ment for the control of pressure and flow-rate; (3) a D.C.-power-supply 
to provide the electrolysis-current; and (4) a D.c.-power-amplifier and 
recorder. 


Plastic chamber. Fig. 1 shows the cell and the plastic chamber mounted on S's 
hand with the gas-supply and power-input cable connected. Fig. 2 shows the 


si = 


. Fic. 1. SWEAT-RECORDER MOUNTED on S's HAND 


construction-details of the chamber. The main portion of the chamber is machined 
from a single piece of plastic rod. The lower portion of the rod is machined to 
provide gas flow on to the palmar surface by way of four holes evenly spaced 
at the edge of the skin-area enclosed by the chamber. The gas leaves the skin- 
surface by way of a hole in the center of the enclosed skin-area and passes up to 
the cell. A by-pass outlet is provided as a result of which all the gas leaving the 
skin does not go through the cell. The reason for this by-pass is described below. 

The upper portion of the rod is machined to provide a chamber into which the = 
body of the cell is placed to hold it in a constant, upright position. This portion — 
of the chamber is machined to form a reasonably tight fit with the body of the 
cell, permitting the cell to be held in a fairly rigid way without the use of a 
clamping device. The path of the gas-flow from the skin is coupled to the input 
of the cell by means of a plug that fits up into a hole in the cell-body. This plug 
is made of nylon rod and machined separately and glued into the upper portion 
of the chamber. Its exact dimensions are not given as the plug must be machin 
to form a fairly tight seal with the hole in the cell to avoid leakage of the gas: 
The gas leaves the cell by way of another hole in the cell-body (on the same end 
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is the input-hole) and escapes by way of a side port in the upper portion of the 
hamber. 

Electrical contact with the cell is made by way of a miniature phone-jack 
nounted on the side of the chamber. Each side of the jack is soldered to a silver 
wire that runs the width of the upper portion of the chamber, Spring-contact elec- 
trodes on the cell make contact with the silver wires when the cell is put in place 
in the upper portion of the chamber. 


od sb- 
AT 
p= 


NA, 


Fic. 2. CONSTRUCTION DETAILS P a 
A, brass base-plate of chamber (1/16 in. thick); B, plug that screws into si 
of the EN and contains the by-pass outlet (0.028 in. in manaig C, hollow 
plastic rod glued to side of chamber to house miniature phone-j i 
electrical contact with cell; D, plug that fits up into cell to allow a pan or 
flow from the skin-surface up into the cell; E, side-port in upper portion gamba 


i the cell (1/8 in. in diameter); F, 
to allow et ee oad beiren a cell and the electrical 


-i ing to skin-surface (1/16 in); 
I, hole for gas-flow from gas-input to four holes A ne 


(1/16 in.); M, by-pass hole leading to by-pass plug (1/32 in.). 


The base-plate of the chamber is of brass. Brass was used instead of plastic 
as it appears to make a better seal with the skin and because it can be used as 
an electrode for skin-potential recording. It is attached to the base of the chamber 
by means of three screws (which, for simplicity, are not shown in the drawing). 
A terminal for connecting the base-plate to a lead-wire is mounted on the side 
of the chamber. 

The top view in Fig 2 shows the dimensions of the top of the ee 
approximate location of the plug that fits into the cell, and the location of tl 
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silver wires. The side view shows the side-dimensions of the chamber and its . 
ternal construction. The bottom view shows the dimensions of the base-plate, the 
circular area enclosing the skin, the location of the four holes passing gas o 
the skin, and the location of the center-hole where the gas leaves the skin. 


Source of dry nitrogen gas, Dry nitrogen gas is commercially available in drums 
of various size. A 240-cu. ft. drum has been found most convenient. The 


by use of a 1-1 isolation transformer. With these components, the fluctuation ia 
output-voltage is less than 1 v. over the entire range. All recordings reported here 
were made with this power-supply, 


Recording equipment. The current through the cell is measured as a voltage- 
drop across a resistor in series with the cell. The resistor is coupled across the 
input to a D.C.-power-amplifier of an Offner Type-D EEG apparatus. A back- 
EMF is placed in the input-circuit to balance the input to the amplifier and to 
measure the voltage-drop across the resistor. Fluctuations in the voltage-drop across 
the resistor (being a function of fluctuations in current-flow through the cell) 
are then recorded by the ink-writer, 

The size of the resistor and the range of the back-EMF depend on the sensi- 
tivity of the power-amplifier used, With the Offner amplifier, a 10-ohm resistor 
with a back-EMF range of 0-100 mv. (measurable in 1,0-mv. units), provide 
sufficient sensitivity for detecting Sweating and range sufficient to encompass the 
variation in basal sweating levels, By Ohm's Law, the voltage-drop across the 
resistor is converted to amperage-units drawn by the cell. Thus, with the back-EMF 
measured in 1.0-mv. units, the amperage can be measured in 0.1-ma. units. 


Gas-pressure and flow-rate. Gas-pressure, flow-rate, and temperature are 
important variables in the measurement of the moisture-content of the 
gas passing through the cell. A &as-pressure of 31 Ib./sq. in. is high 
enough to provide a consistent gas-flow and low enough that the seal of 
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the chamber to the skin does not allow leakage. A flow-rate of 700 cc./ 
min. is great enough for the detection of sweating responses but not great 
enough to overly dry the skin and thereby prevent the measurement of 
the basal sweating level. No attempt is made to control the gas-tempera- 
ture. The temperature of the gas as it enters the chamber is 74 1" F. 

With the gas-flow required for recording the response, a fairly high 
back-pressure, built up in the chamber, resulted which tended to produce 
leakage at the seal with the skin. To reduce the back-pressure, a by-pass 
outlet 0.028 in, in diameter was provided. This value was selected by trial 
and error, It reduces the pressure satisfactorily and at the same time 
enough gas is passed into the cell for reliable measurement of reaction. 


Procedure, The operation of the apparatus to record palmar sweating 
is as follows: The chamber is strapped to the palm by means of two 
rubber straps that are hooked on either side of a ring clamp fastened to 
the upper portion of the chamber (Fig. 1). The hand is held palm up and 
against the body. The gas is then turned on for about 10 sec. and then 
turned off. If S reports feeling a slight pressure build-up and then its 
decrease when the gas is turned off; it is assumed that an adequate seal 
to the skin is made by the base-plate of the chamber. Then the gas is 
turned on again and set at 700 cc,/min. With the back-EMF source ad- 
justed to provide maximal back-voltage, the input to the amplifier is 
switched in across the series-resistor. With most Ss, the voltage-drop 
across the resistor will still be higher than this back-EMF level, but in 
about 2 min, it will drop rather rapidly and assume a fairly steady level. 
The back-EMF required to balance at this level is noted and marked on the 
chart as the initial basal sweating level. This base-level represents a 
balance between the rate of moisture appearing on the skin-surface and 
the drying rate of the nitrogen gas. Discrete stimuli can be presented to 
S and sweating responses recorded as transient increases in the basal level. 
Voltage values are later converted to ma.-units. 

This apparatus has been used thus far to record base level and responses 
of palmar sweating with 40 Ss. Of these Ss, only three failed to show con- 
sistent sweating responses in mental multiplication and tests of word- 
association, A record of sweating responses recorded from one S is shown 
in Fig. 3, The base level (in ma.-units) is marked on the record. The 
1.5-ma. calibration mark shown on the right side of Fig. 3 can be used 
to measure the amplitude of the responses. These responses were elicited 
by problems in mental multiplication (audio recording shown on the 


lower tracing). 
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Latency of the apparatus. The latency of the sweat-recorder depends on 
two things: the latency of the cell and the time it takes the gas to reach 
the cell from the skin-surface. According to the manufacturer's specifica- 
tions, the former is 0.7 sec. The latter can be computed from the volume 
of the path the gas follows between the skin-surface and the cell and the 
rate of gas-flow. The volume of the gas-path was computed to be 0.88 cc. 
With the rate of flow of 700 cc./min., it would take the gas 0.076 sec. 


Fic. 3. RECORD OF PALMAR SWEATING 


to traverse the gas-path from the skin to the cell, Thus the latency of the 
sweat-recorder is 0.776 sec. according to these calculations. 


Response as a function of basal level. For the 37 Ss, the relation be- 
tween the basal level of sweating and magnitude of response was investi- 
gated. For each S, the amplitude of the first 10 responses was measured 
and the mean computed. The basal level 1 sec. before the onset of each 
response was measured and the mean computed. A plot of the data showed 
4 positive, somewhat curvilinear relation between response-magnitude and 

basal level, the Pearsonian correlation being 0.71 and Eta being 0.84. 


Modification of the apparatus. The apparatus as described appears to 
function quite well but improvement always is possible. One modification 
which has been made is to mount the cell on the wrist with only the 
chamber strapped to the palm, With this arrangement, a plastic tube is 
used to connect the chamber to the cell for the gas-flow path. The main 
advantage of this modification is that the chamber is less cumbersome to 
strap to the palm (it can be made quite a bit smaller) and it is not neces- 
sary for the $ to keep his palm in an upright position. The disadvantage 


is that the response-latency of the apparatus is somewhat greater (being 4 
function of the size and length of the connecting tube). 


NOTES AND DISCUSSIONS 


FRANCIS HUTCHESON AND THE THEORY OF MOTIVES 


Whether all behavior is selfishly motivated was one of the most con- 
troversial psychological questions of earlier centuries. Adherents of the 
‘self-love’ view included such men as Thomas Hobbes, Jeremy Bentham, 
and J. S. Mill. Even acts generally judged altruistic were considered sel- 
fish under this view, The ‘self-love’ orientation appears to underlie the 
concepts of some more recent psychologists. The earlier Freud (the pleas- 
ure-principle) and L. T. Troland (hedonism of the past) are out-and-out 
hedonists and, consequently, ‘self-love’ theorists. Both Thorndike and Hull 
should probably be thought of as more subtle hedonists. For example, 
Hull writes “Bentham’s concept of pain is equated substantially to our own 
concept of need. . . . Bentham’s concept of pleasure is found in those 
situations in which need or anxiety . . . is in the process of reduction.””* 

In view of the existence of such thinking in psychology, the arguments 
of Francis Hutcheson, a little known 18th-century philosopher, against 
the ‘self-love’ theory are important? The kinds of distinctions which 
Hutcheson makes are involved in the statement of the problems of modern 
motivational theory, At the close of the paper I shall try to make explicit 
the connection of Hutcheson’s remarks to contemporary theory. 

The ‘self-love’ theory takes two forms: psychological hedonism and 
psychological egoism. Hedonism, which Hutcheson explicitly discusses, 
holds that all behavior is motivated by the actor's desire to attain pleasure 
or avoid pain. Egoism will be defined and discussed later. Hutcheson saw 
that the plausibility of hedonism derived from the ambiguity of ‘pleasure 
and ‘pain.’ Consequently, he distinguished three kinds of pleasure-pain 
and argued that none could be the sole motive of behavior. s 

First, present accompanying pain is the sensation which attends pressing 
desires? Can the hedonist claim behavior is motivated by the desire to 
remove a present accompanying pain? Hutcheson’s answer is ‘no.’ The 
pain which accompanies a desire for an object cannot be the motive for 
trying to get the object, since the pain was called into existence by the 


ac, L. Hull, A Behavior System, 1952, 341. f 
Fenela pros An Essay on the Nature and Conduct of the Passions and 


Affections: With Illustrations on the Moral Sense, 1756. 
* Thid., 15-16. 
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not refuted even if the accompanying pain becomes intense enough to 
cause a desire to relieve it, Such secondary desires could not arise without 
primary desires. 

Secondly, gratification-pleasure is pleasure which attends the satisfying of 
any desire.* This pleasure should not be confused with the pleasure derived 
from the object obtained. Gratification-pleasure cannot be a motive of 
behavior. If it were, we would rate one desire as important as another, 
as gratification itself would be the real goal; but we do rate some de- 
sires higher than others, It is not mere gratification, therefore, which 
moves us. To say that gratification-pleasures are the objects of desire re- 
verses the psychological process. Hutcheson could point out, as with ac- 
companying pains, that gratification-pleasure cannot be the motive to try 
to get an object, since one must first have the desire for the object before 
the question of gratification comes up. 

Thirdly, future pleasure and pain is best explained by comparing it to 
gratification-pleasure.* Consider the desire for food: gratification-pleasure 
is derived merely from gratifying the desire; future pleasure is that which 
results from eating the food, że, the pleasant taste. Hutcheson’s first 
argument against this version of hedonism is that desire cannot be af- 
fected by volition. Suppose a person believes that if he desired to drink 
beer, such a desire would lead to future pleasure; he would, then, desire 
to desire to drink beer, but still might not desire to drink beer. The ar- 
gument holds for benevolent affections—if someone thought he would 
be happy if he were benevolent, he would not thereby become benevolent. 
It is misleading, however, to construe this fact as an argument against 
hedonism. Hedonists do not argue that we choose to desire something 
because we judge it to be conducive to future pleasure; they argue that 
we are determined to desire what we think is the largest future pleasure 
or the least future pain. He felt the inadequacy of his argument and 
added, “the best Defenders of this part of the Scheme of Epicurus, 
acknowledge that Desires are not raised by Volition," 

Hutcheson’ second argument is cogent, Hedonism is a theory of the 
feelings as well as of overt behavior. If the hedonist is correct, then, if 
an agent judges that some person or thing will produce his own largest 


pleasure, he will love that Person or thing—or vice versa. Hutcheson 


points out that the consequent (that we always love or hate a person ac- 
cording to the amount of pleasure or pain involved for us) is false, We 
love and hate independently of future consequences, often to our dis- 


* Ibid., 16-17. * Ibid., 17-21. * Ibid., 20. 
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advantage. We may add that hedonism also greatly oversimplifies be- 
havior, making it out to be much more rational (calculating) than it is. 
An argument similar to Hutcheson’s about present accompanying pain can 
be made here: one must first have a desire for some object before one 
will receive pleasure from having that object. 

There is, then, no basis for saying that ‘altruistic’ desires are neces- 
sarily really only disguised and complicated ways of seeking one’s own 
pleasure. 

Unfortunately, Hobbes, probably one of the most influential ‘self-love’ 
theorists, was not a psychological hedonist but a psychological egoist. 
Egoism is a ‘self-love’ theory which asserts that all behavior and affections 
are motivated by desires for what is in the agent's interest. Hedonism is 
a species of egoism, Hutcheson argues in terms of pleasure and pain, 
which refutes hedonism, but seems to leave egoism untouched. His ar- 
guments, however, can be adapted against egoism. 

Consider the transformations that hedonism goes through in explain- 
ing a difficult case such as masochism. The hedonist must assert that the 
masochist’s painful experiences are pleasant. This assertion has a certain 
plausibility, attributed by Sidgwick, the 19th-century English philosopher, 
to ambiguity of the words ‘pleasure’ and ‘pain. (I shall discuss only 
‘pleasure’ since ‘pain’ is similar.) ‘Pleasure’ may mean ‘pleasant sensation’ 
or ‘that which pleases me.’ Thus, the hedonist is not asserting (although 
he may not be clear about it) that the masochist finds the painful sensa- 
tions to be pleasant sensations but that the painful sensations please the 
masochist, and this is true but vacuous. This vacuity can best be seen in 
an illustration, Jones goes to a psychotherapist, tells him the details of 
his history, and pays him large fees. When Jones has finished, he says, 
“Can you tell me why I persistently act in a way which alienates my 
friends?” The therapist says, “It gives you pleasure (pleases you) to ict 
so—that is why.” Jones should demand his money back, for the ex- 
planation’ is theoretically useless (although it might have a therapeutic 
effect). It gives no information and no competent psychologist would 
give it. To say that painful sensations please the masochist and that is why 
he acts as he does says nothing. 

The hedonist has two theories, not one, and the two are confounded. 
One asserts that behavior is motivated by desires for pleasant sensations, 
etc. Masochism, for example, disproves this theory. The other theory 
asserts that behavior is motivated by desires for what pleases, etc. The 


1C. D. Broad, Five Types of Ethical Theory, 1951, 186-187. 
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latter is not a theory at all, but true by definition. Of course, one does 
what one pleases but the important question is, “What things please?” 
In argument the hedonist shifts from one theory to the other. 

Egoism asserts that behavior is motivated by desires for what is in 
the agent's interest. A masochist would ordinarily be described as acting 
contrary to his own interest. This case invalidates a simple, straightforward 
egoism. To accommodate such cases, the egoist must argue that a masochist 
has two kinds of interest: Interest A, which is to act contrary to his own 
Interest B. Interest B must mean something like ‘pleasant sensations,’ 
‘happiness,’ ‘agreeable feelings,’ że. the agent ‘gets something for him- 
self.’ The egoist’s argument, however, depends on Interest A and it has 
the same vacuity that that which pleases has and, consequently, egoism, 
if true, is identical with the vacuous interpretation of hedonism. To act 
from Interest A is merely to act from some motive or other, in the same 
way that to do what pleases is to act from some motive or other. Saying 
a person acts from an Interest A says no more than that the person has a 
motive. The important thing, however, is to know what kind of motive 
the Person has. Hutcheson’s arguments, therefore, are also effective against 
egoism. 

It would have been amazing, if a pair of terms such as ‘selfish’ and 
‘altruistic,’ which have such a long history of use, had turned out to be 
empty of content because all acts are selfish. 

Commentators usually misleadingly refer to the dispute about motives 
as a matter of psychology, referring to “Hutcheson’s psychology,” etc. 
Psychology is an empirical science involving hypotheses, generalizations, 
measurement, observations, etc.—in short, substantive conclusions. But 
the ‘theories’ of Hobbes and Hutcheson do not meet these specifications. 
The facts they cite are known to everyone: affectionate feelings; sacrifi- 
cial acts; admiration of the virtues of an enemy, etc. There is no dispute 
over these facts, as facts, They differ in their analyses of these common 
data. One concluded all acts are selfish and the other that some acts are 
altruistic this is not, however, an empirical difference. The variant con- 
clusions are due to the analyses that each gives to certain central concepts; 
namely, interest, pleasure, and pain. Hutcheson’s contribution concerning 
motives is properly thought of as philosophy of science, i.e. as the analysis 
of the meanings of words, rather than as empirical science. 

The clarification of the pleasure-pain concept is an instance of the 
kind of theoretical task which any complex scientific task involves. This 
linguistic task is non-empirical in the sense that what is involved is the 
analysis of the meaning(s) of central concepts—no substantive matters 
are involved. In fact, substantive conclusions cannot be safely drawn until 
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one is clear about the meanings of the concepts which are used to state 
the conclusions. If the analytic job is neglected, ‘substantive conclusions’ 
may turn out to be tautologies similar to “one always does what one 
pleases.” Perhaps Freud's use of ‘pleasure’ involved such a vacuity; cer- 
tainly John Stuart Mill’s use of ‘pleasure’ in stating his psychological con- 
clusions did. Thorndike’s well-known struggles with circularity in trying 
to specify behavioristic criteria for satisfying and discomforting states is 
another example of the linguistic difficulty involved in stating conclu- 
sions about motives. 
Washington State University GEORGE DICKIE 


ATTENTION AND THE KINESTHETIC 
FIGURAL AFTER-EFFECT 


In a recent paper on the role of attention in perception, Köhler and 
Adams concluded that attention may increase the articulation of an object 
and thus enhance satiation Their experiments also provide some support 
for the notion that the articulation of one set of functional characteristics 
in the psychophysical field presupposes the suppression of others. Further 
evidence on this point is presented here. 


The Os were 24 students (16 men and 8 women) from graduate and under- 
graduate courses given by a variety of departments at the University of Buffalo. 
All were naive as to the purpose of the experiment. 

The apparatus used was similar to that of Klein and Krech, consisting of a test- 
(T-) object 1.5 in. wide by 6 in. long, an inspection- (I-) object 2.5 in. wide by 6 in, 
long, and a comparison-scale, 30 in. long, which was tapered from 0.5 in. at the 
narrow end to 4 in. at the wide end2 Each of the three objects was equipped with 
a ‘rider’ which fixed thumb and forefinger opposition. 

The O was seated at a table and blindfolded. The T-object or L-object (as the 
case might be) always was presented to the right hand and the comparison-scale 
always to the left, since handedness does not appear to be of importance in this 
task? Four practice-judgments of the T-object, two ascending and two descending, 
first were made. Next there were four presatiation judgments (again two of each 
kind) to provide an estimate of the PSE. Each judgment requited 5-10 sec. 
The T-object then was presented to O's right hand while his left hand rested on 
the table. He rubbed the sides of the I-object with his thumb and forefinger at an 
even rate (approximately 2-3 strokes per sec.) for 60 sec. Four more (postsatiation) 


* Thi h was $ rted, in part, by the U.S. Army Medical Research and 
Development Conimat j “aitean of the Army, under Contract No. DA-49-007- 


MD-866. Th k was done at the University of Buffalo. ; 3 
"Wolfgang ‘Kohler and P. A. Adams, Perception and attention, this JOURNAL, 


71, 1958, 489-503. i; ; ; 

2A diagram of the apparatus is presented in G. S. Klein and David Krech, 

Cortical conductivity in the brain injured, J. Personal., 21, 1952, 126.0444) ae 
? Wolfgang Kohler and Dorothy Dinnerstein, Figural after-effects in kinesthesis, 
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judgments of the T-object followed this inspection-period. After a 5 min. rest- 
period, the entire procedure was repeated with the exception of the practice- 
judgments. 

The two presentations permitted each O to serve as his own control in the 
experiment. Under the control condition, O was instructed merely to rub the 
L-object during the inspection period. During the experimental condition, a digit- 
span test was administered while O rubbed the T-object, ie. O had to repeat series 
of digits which were read by E. For half the Os the control condition came first, 
while for the remaining half the experimental condition came first, This ordering 
of the two presentations also was followed for the subgroups of men and women in 
order to control for any sex-differences which might exist. 


The measures of the kinesthetic figural after-effects were calculated by 
expressing the difference between the mean presatiation judgment and 
the mean postsatiation judgment as a percentage of the mean presatiation 
judgment. The mean after-effect Scores were 8.92 for the control con- 
dition and 5.29 for the experimental condition, the difference between 
the two means being significant beyond the 1% level (ż for correlated 
measures = 3.57). This result appears to support the hypothesis under 
sctutiny, since the conditions of the experiment were such as to rule out 
an explanation in terms of differences in stimulation, 

As has already been noted, rate of movement i 
was held constant. Further: 


be the position of the 
ould conclude, then, that 
articulation of the object 


fingers, and this factor also was controlled. We sh 

when attention is distracted from an object, the 

and the resulting satiation are reduced. 
Washington University 


s NORMAN L. CORAH 
University of Buffalo 


WALTER COHEN 


A STATISTICAL TEST OF CYCLICAL TRENDS, 
WITH APPLICATION TO WEBER'S LAW 


; an retiously publi WwW, A. 
Wallis and G. H. Moore, A-Stenificance Fest for ete ‘atone Ordbred 
Observations, Technical Paper I,, National Bureau of Economic Research, 1941. 
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Since it is generally agreed that Weber's law does not hold for ex- 
treme intensities, only data for the middle range of stimulus-intensity 
were analyzed statistically in this study. Data on discrimination of visual 
brightness were used, viz. Kénig’s data for white light* These data 
were particularly appropriate for the statistical demonstration since they 
have been used by some investigators for showing the tenability of Weber's 
law and by other investigators for showing the untenability of that law. 

The test employed was chosen because it can utilize quantitatively the 
aspects of the data that other investigators have used qualitatively in 


TABLE I 
VisUAL-BRIGHTNESS DISCRIMINATION FOR WHITE LIGHT 
(Data in millilamberts) 

Log intensity —1.70 —1.40 —1.10 —0.70 —0.40 —0.10 0.30 0.60 
Weber-ratio .0560 .0455 .0380 .0314 .0290 .0217 .0188 .0175 
Sign of 

difference — = = = + 
Logintensity 0.90 1.30 1.60 1.90 2.30 2.60 2.90 3.30 3.60 
Weberralie 0178 0176 .0173 .0172 .0170 .0191 .0260 .0266 .0346 


Sign of f A + y + ry 


difference i f= 


rejecting Weber's law: the gradual drop and gradual rise of the Weber- 
ratio curve. This test tests the hypothesis of random fluctuation of the 
numerical values in a series against the alternative hypothesis of syste- 
matic rises and falls in the numerical values in the series. It deals with 
the direction of a change in successive numerical values in a series and 
disregards the magnitude of a change. 

The signs shown in Table I indicate an increase Ct): or decrease (-) 
in the size of the Weber-ratios as the stimulus-intensity increases. The 
test involves counting the number of runs of signs of successive differ- 
ences, where a run is defined as a group of one or more identical signs. 
When numerical values are randomly arranged in a series, one can ex- 
pect considerable fluctuation and, consequently, several runs; when AR 
merical values vary systematically in the series one usually expects few 
runs, The 17 Weber-ratios shown in Table I yield 4 runs: a run of 7 
minuses, followed by a run of 1 plus, then a run of 4 minuses, and por! 
a run of 4 plusses. The probability-table for the test shows the proba i { 
of getting as few as 4 runs with 17 randomly arranged observations 
be less than 0.0001. This result indicates a distinct tendency for the 


ili i 8, 81-99. 
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chology, 1942, 136-139; A. H. Holway and C. C. Pratt, The Weber ; 
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Weber-ratio to vary systematically with changes in stimulus-intensity; 
the decision is to reject the hypothesis that Weber's law applies over the 
middle range of stimulus-intensity. Statistical support now has been lent 
to a decision previously based on qualitative evidence alone. 

Another type of application of this test can be made to examine the 
unreliability of observations repeated over a period of time (whether the 
time-interval between successive observations be a millisecond or a dec- 
ade), when the observations are listed in temporal sequence. Such an 
application of the test could confirm the existence of a cyclical process of 
gradual growth and decline in visual acuity, intelligence, anxiety, reaction- 
time, or any other characteristic. Even measurements from very arbitrary 
measurement-scales can be utilized, provided the measurements can be ar- 
ranged in rank-order of magnitude. 

Kansas State Teachers College EUGENE S. EDGINGTON 

Emporia, Kansas 


THIRTY-SECOND ANNUAL MEETING OF THE 
EASTERN PSYCHOLOGICAL ASSOCIATION 


The Eastern Psychological Association met April 7 and 8, 1961, at 
the Bellevue Stratford and Sylvania Hotels in Philadelphia. There were 
1950 persons registered at the meetings of whom 1110 were members 
of the Association, 285 were new members who joined the Association 
at the meeting, and 585 were guests. The present active membership of 
the Association totals 3360, 

A committee headed by Norman Gekoski was responsible for local 
arrangements and the program was planned by a committee under the 
chairmanship of Raymond Katzell. The Program consisted of 276 papers 
(presented in 54 sessions), 10 symposia, 5 special meetings, and 1 film. 
Special meetings included in the program were: an organizational meet- 
ing of the Society for Client-Centered Counseling, a meeting of Psi Chi, 
a workshop of state association officers, the Princeton Luncheon, and a 
meeting of the Society for the Experimental Analysis of Behavior. 

S. S. Stevens presented the annual presidential address, “The nomologi- 
cal quest.” During the business meeting it was announced that the follow- 
ing new officers and directors had been elected: President, George A. 
Miller, and Directors, James Deese, James J. Gibson and E. J. Shoben. 
Marvin Iverson was elected by the membership to the post of Secretary 
for a three-year term. It was also announced that the Board of Directors 

had voted to establish the office of Historian and had appointed Gorham 
Lane to fill that post. 


b 
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The 1962 meeting of the Association will be held at the Chalfonte- 
Haddon Hall in Atlantic City, April 27 and 28. The 1963 meeting will 
be in New York. 

New York, N.Y. Cart. H. Rusu 


ERRATA 


Two errors in the use of symbols occurred in J. W. Kling and Harold 
Schlosberg's article on “The uniqueness of patterns of skin-conductance,” 
which appeared in the March, 1961, number of this Journat (Vol. 74, 
pp. 74-79). In line 7 of the paragraph on Methods and procedure (p. 75) 
and in line 3 of the last paragraph on p. 77, the symbol uG (micromhos) 
should have been used in place of p2 (microhms) of which uG is the 
reciprocal. 


Roland Clark Davis: 1902-1961 


The death of Roland Clark Davis on February 23, 1961 marks the 
end of major phases of the growth both of the Department of Psychology 
at Indiana University and of research on bioelectric phenomena in Ameri- 
can psychology. Despite his fragile health, which had long been a matter 
of serious concern to his family and close associates, there was scarcely a 
day during a period of more than thirty years in which he did not con- 
tribute full measure toward bringing his institution and his science to their 
present stature. 

Roland Davis’ unusual record of identification with a single line of 
research is scarcely presaged by the pattern of his early life. He was born 


in Cambridge, Massachusetts, on December 20, 1902. His father, William 


Chalmers Davis, was a man of considerable intellectual reputation, an 


educator rather than a scientist. Evidently Roland’s interests during school 


years leaned toward scholarship, but not especially toward science, After 
high school and two years 


his graduation from the Easton, Pennsylvania, 
of study at Lafayette College, he went on to Harvard to receive his A.B. 
in 1924 with a major in English, It would be interesting to know just 
what factors prompted his apparently abrupt shift of interest. After a 
aching English in the high school in Greenville, Ohio, 


single year spent te 
he enrolled for graduate work in psychology at Columbia in the summer 


of 1925, and, though somewhat intermpted by a peri 
money as a school psychologist in Petersburg, Virginia, 
the Ph.D. at Columbia in 1930. 

It is not hard to identify two cri 


od spent earning 
he continued to 


tical events during the period of 
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Roland’s life which he entered as a student of the humanities and from 
which he emerged as one of this country’s first full-time psychophysiolo- 
gists. The first of these was meeting and marrying a lovely young school 
teacher, Frances Meacham, during his otherwise unproductive stay in 
Petersburg. Beyond the companionship and support which plainly meant 
so much to him throughout the rest of his life, his wife contributed im- 
measurably to the warmth and gaiety of the Davis home in Bloomington, 
where many generations of incoming faculty and graduate students were 
made to feel that they had joined a community rather than merely an in- 
stitution, 

The second turning point of the transitional period was, of course, 
Davis’ coming under the influence of Woodworth and Poffenberger at 
Columbia. It would be difficult now to apportion the contributions of 
these two eminent teachers in molding his approach to psychology. Cer- 
tainly Poffenberger must have had the more important hand in complet- 
ing Davis’ conversion to the way of the laboratory scientist. In any event, 
the conversion clearly was complete by the time he wrote his doctoral 
dissertation on "Factors affecting the galvanic reflex.” 

After completion of graduate study at Columbia, he Spent two years as 
a research associate at the University of Virginia, then went to Indiana 
University in the summer of 1931 as Acting Associate Professor of Ex- 
perimental Psychology. This appointment was made permanent the next 
year and was followed by promotion to a full professorship in 1938. 

Friends, colleagues, and students have arranged for a portrait of Roland 
Davis to overlook the entrance hall of the new building which will shortly 
house the psychological laboratories at Indiana University. It will be a 
fitting reminder of the many years during which Davis’ familiar, slightly 
stooped figure was to be seen in the halls of the present building seven 
days a week, twelve months a year, showing students by example rather 
than exhortation that scientific research is a manner of living rather than 
a job to be conducted during bankers’ hours, 

Appearing in shar 
enduring concern wi 
full-blown in the ri 


galvanic reflex. His doctoral dissertation, 
meticulous attention to detail that were to 
begins with a critical survey of the techniqu 


with the thoroughness and 
become almost a trademark, 
es used in some four hundred 
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studies of the galvanic reflex that had been reported during the preceding 
thirty years, then proceeds to spell out the requirements for proper meas- 
urement on the basis of physico-chemical theory. This essay was followed 
by a long series of contributions to instrumental methods for the measure- 
ment and recording of the galvanic reflex, muscular tension, muscle ac- 
tion potentials, and circulatory changes, and by a number of general re- 
views of this area, including his “Methods of recording action” in Andrews’ 
Methods of Psychology. His work in psychophysiological measurement and 
recording was unusual in that he viewed its problems, not as matters to be 
handled simply by clever gadgetry, but as a serious branch of research, 
requiring the founding of techniques in physical and physiological theory, 
and with special attention to the effects of measurement-operations on the 
process being measured. 

Psychologists familiar with Davis’ professional life-long absorption in 
psychophysiology exhibit surprise at seeing listed among his publications 
the book-length Ability in Social and Racial Classes, The apparent paradox 
is soon dispelled, however, when one notes the subtitle, Some physiological 
correlates. This volume, the product of his research associateship at the 
University of Virginia, reports his study on the relationships between 
measured intelligence and properties of relatively simple reflexes, and the 
correlation of these with social and racial variables. He did indeed find 
evidence for patterns of correlations suggesting a systematic relationship 
between metabolic level and measured intelligence. Of far more import for 
his later work, however, was a byproduct of the study. As one of the bio- 
logical measures, he had chosen the latency of the Achilles reflex, with 
the thought that this would provide the most direct available index of 
speed of nerve-conduction. Seeking a means to eliminate time of effector- 
action from the Iatency-measure, he concluded that the way was to record 
the action-potential given off by the muscle just prior to its actual contrac- 


tion. After thorough analysis of the methods used previously by Travis, 


Hunter, and others, he arrived at the technique of recording the muscle 
cope, a method which 


action-potential by means of a cathode ray oscillos 


came to be basic to much of his later work. Bit 
To all but a handful of fellow professionals, the history of Davis’ thirty 


years of research on the role of muscle action-potentials in psychology is 
hard to comprehend. He had developed an apparently satisfactory method 
of measurement while searching for the biological basis of intelligence in 
the early 1930's. Then for nearly a quarter of a century, a steady output 
of technical articles and memoranda reported a long sertes of researches, 
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meticulously conducted but extremely limited in scope, dealing for the 
most part with recording of responses to simple stimuli under the simplest 
of laboratory conditions. Suddenly, during the 1950s, Davis authored a 
series of articles of wide theoretical interest in which he applied his tech- 
niques to the problem of recording and measuring the neurophysiological 
variables hypothesized in theories of learning and motivation. One of these 
applications dealt with the stimulus-trace, basic to Hull’s treatment of 
conditioning, another with detection of the covert correction-response 
postulated in behavioral theories of multiple-choice learning, a third with 
the conditioning of passive movement. A series of provocative studies con- 
cerned with the electrical correlates of Cannon-Carlson waves and hunger- 
pangs seems likely to lead to radical revision of classical views of the 
neurophysiological basis of hunger. Picked up by other investigators, Davis’ 
methods are currently being used in attempts to secure independent meas- 
urement of the anxiety-drive which plays a critical role in some current 
interpretations of human learning. 

Why, the student wonders, upon seeing the numerous and fertile appli- 
cations of Davis’ electrical recording techniques, did all this .not come 
about much earlier? The answer, of course, is that, as is so often the case 
in science, major problems of interpretation had to be solved before muscle 
action-potential recording could be brought to bear upon problems of 
general interest. The complex and variable record obtained when one 
leads electrodes from the surface of the skin to an oscilloscope bears no 
simple relation to what is going on beneath the surface. Trying to trace the 
activity of designated effector-units by means of these recordings is much 
like trying to follow an athletic contest by listening to the noise of the 
crowd from outside the stadium. Three decades was all too short a time 
in which to bring this line of research to fruition, 

In one of his rare excursions into theory, Davis presented his conception 
of “a physical Psychology” in the Psychological Review in 1953. His view 
was that psychology should be part of physics, not merely like physics. 
The postulating of entities to explain behavior he considered to be not 
sophisticated methodology but simply shoddy workmanship. Hypotheses 
concerning physiological events are all right for a start, but they are of 
no real value until ways are found to make these events observable and 
measurable. Whether or not behavior theorists come to accept the pro- 
posed criterion of “observation of the thing hypothesized instead of merely 
the observation of the behavioral consequences,” there is no doubt but 
that they will benefit from his having so eloquently expressed it. 

Indiana University W. K. ESTES 
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Carl Jver Wovland: 1912-1961 

Carl Iver Hovland was born in Chicago on June 12, 1912, and died in 
New Haven on April 16, 1961. As a youngster in Chicago, he attended 
the Lloyd School and then completed high school at the Luther Institute. 
He entered Northwestern University at the age of 16, receiving his B.A. 
in 1932, and an M.A. the following year. He then transferred to Yale, 
where he obtained the Ph.D. in 1936. Except for a three-year research 
stint in Washington during World War II, Hovland remained associated 
with Yale the rest of his life, rising rapidly through the academic ranks 
to a Sterling Professorship at the age of 36. 

During his high school and college days, Carl Hovland was deeply 
interested in music, and, until psychology caught his attention permanently, 
he looked forward to a musical career. He was an excellent pianist and 
organist, but once having shifted into high gear in psychological research, 
his playing became mainly a hobby for family enjoyment. Music did bring 
him his wife, however; in 1938 he married Gertrude Raddatz, a fellow 
piano student in Chicago. Their home was constantly filled with music, 
usually from one of the magnificent high-fidelity sets that Hovland was 
forever constructing—he was as knowledgeable in electronics as he was 
in music. 

Psychological research, was, however, his chief intellectual joy. There 
was something about the application of experimental methods to behavioral 
phenomena that fascinated him. His investigations covered a wide range 
of problems, especially during his early career. By the time he secured his 
doctorate, he had published a dozen research papers and had collected the 
data for half as many more. Four of these 18 papers were in the American 
Journal of Physiology, two in the Yale Journal of Biology and Medicine; 
the others, in psychological journals, included a major review of the litera- 
ture on apparent movement, a study of test-reliability, and his four now 
classical papers on conditioned generalization. These latter were from his 
doctoral dissertation. 

His catholicity of interests continued during the next six years. He was 
one of the ‘young Turks’ brought into the Yale Institute of Human 
Relations by Mark May in 1936, and his research fell into four areas. 
Already stimulated by Clark Hull's attempts to construct a rigorous learn- 
ing theory, Hovland immediately joined in the effort, and for several years 
produced a flood of precisely designed studies of rote learning. Simul- 
taneously he was participating in the group that eventually published 
Frustration and Aggression, of which he was one of the collaborating 
authors, and in a smaller group working on conflict. In spite of his 
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extraordinary productivity in research during this prewar period, Hovland 
found time to carry on an active program as a consultant to two or three 
industrial firms, and to support a normal teaching load at Yale. 

With his broad range of experience in research, it was not surprising 
that in 1941 he was one of the first psychologists chosen to serve in the 
then new Division of Information and Education in the Office of the 
Chief of Staff of the War Department. After the war, Hovland, Lumsdaine, 
and Sheffield published a report of the major research findings, from one 
part of this unique enterprise, under the title Experiments on Mass Com- 
munication (Princeton University Press, 1949). The war setting had pro- 
vided an opportunity for some very large well-controlled experiments in 
the area of opinion-control, and the results were so rewarding that 
Hovland settled thereafter on the general field of communication as his 
main research interest. 

Returning to New Haven in 1945, Hovland served for three years 
as Chairman of the Department of Psychology. The expansion of his 
program of research in communication finally forced him to make a choice 
between it and departmental administration and not surprisingly he chose 
the research. Although he remained interested in problems of verbal learn- 
ing, and wrote a chapter for Stevens’ Handbook as late as 1950, the main 
contributions of his last fifteen years were in concept-formation and com- 
munication, In the latter field, his interest lay in the conditions under 
which opinions or attitudes can be modified, His search took him from 
the personality of the communicator to that of the communicatee, from the 
order of presentation of ideas to the content of the ideas themselves. 
Perhaps one of the most important of his contributions was his analysis of 
the differences between the experimental and the survey studies of atti- 
tudinal changes, given in a paper before the American Psychological 
Association in response to the Association’s Distinguished Scientific Con- 
tribution Award to him in 1957, 

The other major interest of his last years was concept-formation, a field 
he approached from the standpoint of computer simulation. In 1952 he 
published a demonstration that the problems of concept-learning can be 
solved by an hypothetical decoding machine, and also provided both a 
notational system and an analysis of the problem of concept-learning that 
were widely adopted by other researchers in this field. This analysis made 
use of a newly developed mathematical theory of communication. A series 
of experimental reports by Hovland and his students soon followed, and, 
when the mid-1950's brought a major breakthrough in the design and 

programming of digital computers, Hovland quickly perceived the poten- 
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tial application of informational processing to psychology. He collaborated 
in the development of a computer program that would serve as a model of 
human performance, and in 1960 reported the first results of testing such 
a model. 

Carl Hovland was a big man, soft in speech, gentle in manner, as 
incredibly quick and deft in physical movement as in intellection. In his 
earlier years he was quite shy, but the social rigors of the life to which 
his extraordinary talents inevitably exposed him helped to develop the 
quiet ease of manner that characterized his middle age. He was unfailingly 
cheerful, even in the last tragic year of his life, and continued to work 
with his students and colleagues until his brief final illness. It was this 
capacity for being always helpful, always objective, that placed him in 
constant demand as a consultant, not only to students, but to all the leading 
Foundations, to half a dozen major Government agencies, and to the be- 
havioral research arms of several great corporations. He was repeatedly 
honored by his colleagues in one way or another—as an APA representa- 
tive to the Social Science Research Council, as a member of that Associa- 
tion’s Board of Directors, by election to the American Academy of Arts 
and Sciences, to the American Philosophical Society, and to the National 
Academy of Sciences. The honor he appreciated most deeply, perhaps, was 
the award of the Warren Medal by the Society of Experimental Psycholo- 
gists, word of which reached him only a month before his death. 

Stanford University ROBERT R. SEARS 


Carl Gustab Jung: 1875-1961 

On June 6, 1961, Carl Gustav Jung died at the age of eighty-five years 
in his villa in Kuesnacht, a suburb of Zurich, Switzerland. Born the son 
of a Swiss clergyman in Kesswil, on Lake Constance, on July 26, 1875, 
he gave early evidence of his later brilliance and wide-ranging interests. 
At the age of six years, he read Latin textbooks fluently, beginning the 
development of the linguistic skills which were to be so important in his 
later studies of alchemy and religion, From the beginning, however, he 
was known as much for his tremendous physical strength as for his mental 
prowess, In his 80s, his sailing and gardening continued, as did his 
almost unparalleled scholarly productivity. Truly, as Henry Murray ob- 
served at his first meeting with Jung, here was a “full-blooded, spherical, 
and Goethian intelligence.” 

As one of the founders of modern psychiatry, and the father of that 
branch of it called analytical psychology, Jung is revered, but, like much 
of modern art, he is more easily appreciated than understood. He who 
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rejected rigid categories in psychoanalytic theory and psychiatric practice 
is himself difficult to categorize after death. Still harder is it to assess what 
continuing influence he will have on an American psychology whose pet 
idols he so vigorously attacked, 

For here was a psychiatrist who stressed experimental method, de- 
veloping his Word-Association Test from earlier work by Wundt, but one 
who wrote for his M.D. thesis a book entitled About Psychology and 
Pathology of So-Called Occult Phenomena. Here was the son of a Protes- 
tant clergyman who became one of the world’s foremost experts on Eastern 
religions, and who felt that Protestantism had much to learn from Rome. 
Here was the heir-apparent of Freud who became one of his most vigorous 
critics, with five years of intense intellectual interchange followed by 
twenty-six years with no contact at all. Here was one rejected by many of 
his colleagues as mystical or “too philosophic” who considered himself 
first and foremost an empiricist, condemning others for lack of proper 
attention to the full richness and complex interaction of “psychic facts.” 

Carl Gustav Jung remains, then, a widely honored and respected para- 
dox. To his early honors as Bleuler’s assistant and collaborator at the 
Burgh6lzli Mental Hospital in Zurich, and as first president of the 
International Psychoanalytic Society at the age of thirty-six years, were 
added many others, including honorary degrees from Harvard and Oxford 
Universities. His Word-Association Test, and the Sentence-Completion 
Tests which were developed from it, remain useful diagnostic tools. His 
theory of psychological types, which arose from his attempt to understand 
the differences among himself, Freud, and Adler, has passed from psycho- 
logical testing into common usage, and even into school report forms which 
include the magic words extravert and introvert. 

In a more general theoretical sense, his theory of emotional complexes— 
which the Word-Association Test sought to 'tap'—has had wide influence. 
In the studies of dissociation of personality by Janet, Prince, and others 
came empirical verification of it, Other unique contributions of Jung, in 
studies of mythology, Western and Eastern religions, and the process of 
individuation or self-actualization, have made great contribution. Neverthe- 
less, comparatively little of Jung’s insights and findings has been as- 
similated into American psychology and psychiatry, Freud's position has 
been too dominant for his major critic to receive much of a hearing. 

In recent years, however, a new climate of potential receptivity to Jung's 
contributions has begun to emerge in America, This change is related to 
the current concern—or fad, if you will—for the phenomenal field and 
the growth of identity within it. As one who has regarded himself from 
the beginning as a phenomenologist, Jung has much to contribute at this 
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point to those who have sufficient patience and diligence to work carefully 
through his extensive writings—for, in study of the individual's develop- 
ing selfhood, Jung takes more factors into account than do most contem- 
porary theorists, He has, moreover, related these vanjables to one another 
in terms of a continuous, dynamic, consistent yet ‘open-ended’ process. He 
is concerned for future intention as well as the determinism of the past, 
for interpersonal “dialectical discussion” as well as internal structure and 
function. Most radically, he challenges causality as the universal principle 
of explanation and emphasizes “'synchronicity”—'‘a peculiar interdepend- 
ence of objective events among themselves as well as with the subjective 
(psychic) states of the observer or observers.” 

In this principle of synchronicity, and perhaps even more in his cen- 
tral concept of the archetypes of the collective unconscious, Jung still does 
not ‘make sense’ to most American psychologists. He is disturbing, and 
therefore valuable, precisely because he does force us to reéxamine many 
of our most cherished presuppositions. In his analytic practice and scholarly 
studies of symbolic productions, he has brought forth data which do not fit 
into the currently available categories of psychological theory and psychi- 
atric practice, Thus, as Einstein challenged existing physical theories by 
using empirical data which did not fit into them, so Jung has challenged 
a personality theory which, in America at least, is based mainly on Freud’s 
creative hypotheses. Jung—and in America, Allport, Rogers, Maslow, and 
others—has forced us to move beyond causal, impulse-driven, closed- 
system personology, as Freud blasted psychology out of static structuralism 
and associationism. 

Perhaps Jung's most lasting contribution will be his criticism of psycho- 
logical myopia and his furnishing data for future analysis and inter- 
pretation, rather than as a new system. That would please him, for he 
never sought disciples, or claimed to establish a ‘school of thought’ or sys- 
tematic theory. His concern throughout his professional practice was that 
each individual experience and think for himself—indeed, discover him- 
self in his complex wholeness, rather than identifying one portion with 
the whole. This, I am sure, would be his hope for personality theory as 
well, 

Boston University WILLIAM DOUGLAS 


Carl Murchison: 1887-1961 
Carl Murchison died at the New England Baptist Hospital on May 20, 
1961, after a relatively short illness, He was born in Hickory, North 
Carolina, on December 3, 1887. y 
He obtained the A.B. degree from Wake Forest College in 1909. His 
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career in psychology began when, as Johnstone Scholar, he received his 
doctorate from Johns Hopkins University in 1923. Almost immediately 
he became a notable figure in the profession by accepting the chairmanship 
of the department at Clark University as the successor of G. Stanley Hall. 

Murchison's personal interest soon turned to publication. In 1924 he 
took over the editorship and management of the Pedigogical S:minary, 
adding to the title and Journal of Genetic Psychology. In that sa::c year, 
1924, he published his own book on American White Crimina! Intelli- 
gence. The following journals he personally planned, founded, fi. .nced, 
edited, and managed under the name of The Clark University Press: 
Genetic Psychology Monographs, 1925; Journal of General Psychology, 
1927; Journal of Social Psychology, 1929; and Journal of Psychology, 
1935. In 1936 he left Clark University, set up The Journal Press in Prov- 
incetown, Massachusetts, and continued to edit and publish all of these 
journals up to the time of his illness and death. How carefully he planned 
them to fit the needs of the profession is attested by the fact that all of 
them survive. 

Murchison also planned, edited, managed, and published the Psychol- 
ogies of 1925; a book on Criminal Intelligence in 1926; The Case for 
and against Psychical Belief, 1927; The Psychological Register in 1928; 
The Foundations of Experimental Psychology, 1929; Psychologies of 1930; 
A History of Psychology in Autobiography in three volumes in 1930, 1931 
and 1936; A Handbook of Child Psychology, 1931, second edition, 1933; 
A Handbook of General Experimental Psychology, 1934; and A Handbook 
of Social Psychology, 1935. Again his careful and penetrating analysis of 
the needs of the profession is shown in the wide acceptance and continued 
use of these works. z 

Murchison received honorary degrees from Wake Forest College and 
from the University of Athens. He was a member of Phi Beta Kappa. He 
collected some 250 paintings by Provincetown artists and a very large 
number of scientific treatises on psychology including, with very few ex- 
ceptions, a copy of every psychological journal ever published both here 


and abroad. All of these things were lost in a fire at his home in Province- 
town in 1956. 


Florida State University JOHN PauL NaFE 
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Prychology: A Study of a Science. Study 1. Conceptual and Systematic. Volume 
3. Formulations of the Person and the Social Context. Edited by SIGMUND KOCH. 
New York, McGraw-Hill Book Company, Inc., 1959. Pp. x, 837. $12.50. 

The present volume is the third in a projected series of seven under the general 
title, Psychology: A Study of a Science. This project was initiated by the Policy and 
Planning Board of the American Psychological Association. The contributors to the 
first three volumes (Study 1) were assigned the task of assessing current theoretical 
formulations of recent importance to psychology. The assignment was couched in 
broad terms—"theoretical formulations” being defined as “any set of sentences 
formulated as a tool for ordering knowledge with respect to some specified domain 
of events, or furthering the discovery of such knowledge.” The contributors were 
furnished with an outline of suggested discussion topics—an outline which was 
carefully followed by some and ignored by others. 

Within this framework the contributors were free to develop their respective 
fields of interest and research. Stated somewhat colloquially, it was as if the editor 
had said to a prospective contributor, “You have been working in ———— field 
for several years and have made substantial contributions to it. Now we would like 
you to summarize your work, explain its methodology, and expound its critical 
significance to psychology.” Such an invitation is not too frequently met with. It is 
an invitation to brilliancy and creativity, and also, it must be noted, to prolixity 
which not all the authors unfortunately were able to resist. In the present volume 
the result is a series of independent essays, each self-contained, in which the author 
expounds the methodology and theory of his particular specialty. 

Under the somewhat awkward title “Formulations of the Person and the Social 
Context” eleven specialists have written essays which occupy 711 pages, and the 
editor, Dr. Koch, has added a 53-page Epilogue which summarizes the major 
trends in all three volumes of Study 1. 

In considering Volume 3 as a whole certain general impressions emerge. These 
may be expressed in two questions: What general purpose does the volume serve? 
To what extent is it representative of the area it is presumed to cover? 

This reviewer has been unable to find a satisfactory answer to the first question. 
We have in effect eleven minor monographs in eleven widely separated fields of 
specialization. The editor specifically disclaims any intent to produce a grand in- 
tegration or a Summa Psychologica. Nevertheless, the reader who examines the 
volume as a whole is bound to inquire for what audience are these expositions 
intended. In spite of the editor's expressed hope that the “self determining citi- 
zen” may read them to form his “own perceptions of the place of psychology in 
the pattern of modern knowledge,” they are not addressed to the layman. They are, 
in fact, addressed to the specialist—specialists in eleven different fields, to be exact. 
But would not these specialists have found the same material in the numerous 
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professional journals and books to which these distinguished and highly articulate 
authors are frequent contributors? There are, of course, the graduate students. This 
volume and the others in the series, will be required reading, and doubtless will 
save the students some library work. Perhaps it will be the basis for stimulating 
seminar discussions. 

As regards the second question, a not wholly satisfactory answer is suggested in 
Dr. Koch's Introduction. “Eleven topics” he notes, “is a stingy allotment relative 
to the range and density of effort in studies of the person and the social setting” 
(p. 4). It is indeed. No claim is made for representativeness. “We do,” says Dr. 
Koch, “claim sufficient diversity to extend markedly the range of formulations 
which in recent years have been given sustained analysis.” It is inescapable, how- 
ever, that a work bearing the comprehensive title “Psychology: A Study of a Sci- 
ence” will be in part judged in terms of the extent a given field is represented. 
Probably no two psychologists concerned with psychology in the social context 
would agree as to the topics to be covered. For this particular reviewer there are 
some inexplicable omissions. The theoretic formulations and research methodology 
in the field of ethnic tensions would have been relevant to the announced purpose 
of the project. Not only because this field has highly important applications, but 
because it contributes significantly to our knowledge of man in society (the social 
context). Missing also is any reference to the theory and methodology of public 
opinion research. In these and other fields surely there is no paucity of formula- 
tions which “in recent years have been given sustained analysis.” 

The fields covered may be divided roughly into two groups: those concerned 

with the person,” and those concerned with the social context (traditionally called 
social Psychology). In the first are Murray's “Preparation for a Scaffold of a Com- 
prehensive System,” Rapaport’s examination of psychoanalysis, Rogers’ presentation 
of the theory of client-centered therapy, and Cattell’s exposition of factor analysis 
as applied to the study of personality. In the second group are Asch’s perceptive on 
social psychology, Newcomb’s study of attitudinal patterns, Katz and Stotland’s 
study of attitude-structure, Lazarsfeld’s presentation of latent structure analysis, 
Thelen’s theory of group-behavior, and Parsons’ theory of action. 
__ There remains the essay on psychogenetics by Kallman which does not fit readily 
into either group. It is a competent and important statement of the theory and 
methodology of the study of twins. In view of the “stingy allotment” of space to 
the various fields, and in spite of the author's belief regarding the fundamental 
importance of his subject for psychology, it is difficult to understand the inclusion 
of this essay in this particular volume. 

It sage not be forgotten that by editorial intent each of these essays stands 
alone,* and it would be presumptuous for any one reviewer to attempt a critique 
of contributions in such widely divergent and highly specialized fields. In the 
present volume Dr. Koch discusses the major trends in all three volumes of Study 
1, The reader who undertakes the not inconsiderable task of reading the present 
volume in its entirety would be advised to read Dr. Koch's Epilogue first. 

As a minor supplement to Dr. Koch's brilliant synthesis, and a small assist to 
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the “self determining citizen” who may attempt to read the volume, a brief charac- 
terization of the eleven essays seems to be in order. 

In a “Preparation for a Scaffold of a Comprehensive System” Henry A. Mur- 
ray presents what he terms an intellectual biography. He confesses his inability to 
follow the outline provided by the Editor, and his reasons are illuminating. He 
thinks it admirable “for exclusively experimental specialists, observers of closely 
restricted animal activities, peripheralists, positivists, but scarcely possible for 
naturalists, generalists, and centralists who study gradual transformations of the 
dispositions, beliefs, and modes of action of human beings as they manifest them- 
selves in different social settings.” (p. 8) In a word it is premature and generally 
inapplicable to the task of the book as he sees it. In his intellectual biography he 
traces the influence on the “scaffold” of his studies in medicine, of psychoanalysis, 
and of such men as Lewin, McDougal, Darwin, Kluckholn, Parsons, and White- 
head. Six conceptions are listed which have contributed to the scaffold: cathexis 
(from Freud), the dyadic relationship, thema, thematic dispositions, serials (time 
binding), and ordination (construction of plans of action). 

David Rapaport in “The Structure of Psychoanalytic Theory: A Systematizing 
Attempt,” does the best job that probably could be done with a set of concepts 
which are essentially unsystematic. He traces the influence on Freud of Brentano, 
literature, especially Goethe, and the general atmosphere of Victorian Vienna. He 
notes Freud’s sensitivity to language-usage and his “knack for metaphor.” He finds 
Freud's theory based on four models: the reflex arc (topographic model), entropy 
(economic model), the Darwinian (genetic) model, and the Jacksonian (integra- 
tion hierarchy) model. He believes psychoanalytic theory possesses quantitative 
considerations but doubts if these are readily translated into actual measurements. 
He insists that the genetic formulations of Freud do not conflict with Lewin's 
ahistorical conceptions. He notes that although Freudian theory grew by “spurts,” 
it possesses a structural unity which has been obscured by its numerous revisors. 

Carl R. Rogers in “A Theory of Therapy, Personality, and Interpersonal Rela- 
tionships, as Developed in the Client Centered Framework” also presents the 
biographical background of the development of his conceptions. He stresses the 
fundamental role of the subjective in his thinking, and voices the conviction that 
science does not necessarily begin in the laboratory or at the calculating machine, 
and the most helpful models are not derived from theoretical physics. He defines 
some forty key terms or phrases in his theory. These include the tendency towards 
self-actualization, experience, symbolization, self experience, incongruence between 
self and experience, vulnerability, and contact. The process of therapy is discussed 
in detail, Out of this process there is developed a theory of personality and the 
dynamics of behavior. 

In “Personality Theory Growing from Multivariate Quantitative Research” Ray- 
mond B. Cattell is concerned with a theory based on quantitative and objective 
methods, He reviewed three methods in personality research: the clinical method, the 
classical univariate experiment, and the multivariate analytic experiment. Theory 
derived from the clinical approach based on diagnosis and therapy, he believes to 
be “in a bad way.” The analytic multivariate method provides a swifter and surer 
approach to the significant variables for controlled experimentation. In developing 
an experimentally based personality theory the unimaginative classical univariate 
procedure has not proved useful. In psychology, as distinct from physics, it is neces- 
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sary to isolate organically unitary behavior structures before the univariate experi- 
ment can be fruitfully applied. 

Franz J. Kallman’s “Psychogenetic Studies of Twins” proceeds from the premise 
that twin-study is the only quasi-experimental procedure for the study of human 
genetics, and provides data fundamentally important for the Study of human be 
havior, Procedural limitations and advantages of the method are discussed 

In a “Perspective on Social Psychology” Solomon Asch points out that social 
psychology still works largely with borrowed conceptions. General psychology his- 
torically has been restricted in its subject matter since it feared the complexities in- 
volved in relations between person, and persons and groups. Further bases for this 
restriction was the belief that fundamental psychological principles could be extrap- 
olated from the findings of general psychology. The “curious doctrine that man is 
directly descended from the white rat” is rejected. Social psychology must accept 
the challenge that its phenomena are not amenable to the yard sticks of physics. 

Theodore M. Newcomb in “Individual Systems of Orientation” examines the 
consequences of the postulate that there are lawful interdependencies among certain 
classes of beliefs and attitudes held by the same individual. The immediate concern 


periments. 

Daniel Katz and Ezra Stotland in “A Preliminary Statement of a Theory of 
Attitudes” discuss the affective, cognitive, and behavioral components of attitudes 
and their relation to value systems of individuals. The field-study approach to social 
behavior is emphasized rather than the narrower laboratory method. Formal mathe- 
matical models are regarded as making a very limited contribution to the progress of 
social psychology. In contra-distinction to Physics, the barrier to advance in social 


the various human relations training “laboratories,” 
is assumed that units of interaction exist, that Personality factors reflect individual 
stresses, that group life is adaptive, that group factors exist by virtue of inter-active 
networks among individuals, and that the Problems for investigation are found in 
the interaction between “personality” and the “group.” 

Talcott Persons. in “An Approach to Psychological Theory in Terms of the 
Theory of Action’ _ breaks down his general theory of action into four “reference 
points”: the organism, the personality or Psychological system, the social system, 
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and the cultural system. These are sub-systems of action, and are not independent 
and not reducible, but are regarded as an order of levels. These sub-systems are dis- 
cussed in detail. The author's personal and professional history is presented as a 
background for his theory. Gordon Allport, Murray, and W. I. Thomas are among 
those mentioned as influential in the author's thinking. He notes that he was 
troubled by the reductionist trends in much of behaviorist psychology, especially 
that of Watson and Hull. It is worth noting that Parsons, of the eleven con- 
tributors, is the only one who gives credit to the writings of George Mead. This is 
odd considering the basic character of Mead’s hypotheses for several of the topics 
treated in this volume. 

These thumbnail sketches make no claim to comprehensiveness, and they no doubt 
will seem insultingly inadequate to the respective authors. Although anything like 
a summary of content so diversified is impossible certain trends do emerge. Some 
of these are pointed out in Dr. Koch's brilliant Epilogue. Three impress this re- 
viewer. 

1. The methodology and orientation expressed by the S-R type of theorizing is 
viewed as inadequate for social psychology. Extrapolation from what Gordon 
Allport has called the “antics of captive and desperate rats”? is not regarded as a 
sound basis for the understanding of man in the social context. 

2. There is concern, even nervousness, about the use of the intervening variable 
paradigm, although it is by no means abandoned. The need to close the gap between 
phenotypic observation and genotypic construct is expressed, although just how is 
not made clear. 

3. Finally, with possibly two exceptions, mathematical models in social psychol- 
Ogy are viewed with skepticism, although quantification is not to be abandoned. A 
closely related attitude expresses doubt regarding the adequacy for social psychology 
of the classical experimental laboratory procedures modeled on the methods of the 
exact sciences, Field methods and natural situations for the observation of social 
behavior are regarded as essential to social psychology. 

In spite of. occasional ponderosity of phrasing and the apparently almost com- 
pulsive need of each author to develop his own esoteric jargon, these essays, con- 
sidered individually, are a remarkable achievement. The authors have met a chal- 
lenge with competence, and in some cases with brilliance. Some are worthy of 
special mention. Because of its modesty, frankness, and general readability the 
essay by Murray is exceptional. The essays by Asch, Katz and Stotland, and New- 
comb seem especially noteworthy, not only because of their lucidity and compe- 
tence, but because to this reviewer at least, they seemed closer to the core of social 
psychology. 

Considering the book as a whole, I am inclined to apply to this volume the 
estimate expressed by Ryan in his review of Volume 1, “it is valuable for its 
excellent parts, but this is at least one instance in which the whole is not more 
than the sum of its parts.” 

FRANKLIN FEARING 

University of California, 

Los Angeles 


* Gordon Allport, Becoming, 1955, 18. 
* This JOURNAL, 73, 1960, 492. 
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The American Voter. By ANGUS CAMPBELL, PHitip E. CONVERSE, WARREN E. 
MILLER, and Donatp E. Stokes. New York, John Wiley and Sons, 1960. Pp. viii, 
573. $8.50 (trade edition), $6.50 (text edition). 

This book is an interdisciplinary classic. Its merit as a contribution to political 
science has already been amply recognized by Key, Odegaard, and others. The con- 
duct of the Kennedy and Nixon presidential campaigns in 1960 bears implicit wit- 
ness to the seriousness with which professional politicians took its cogency as a 
practical guide to the ingredients of American voting behavior. To assess the full 
stature of what Campbell and his colleagues at the University of Michigan Survey 
Research Center have achieved, however, it remains to note that this work must 
now be added to the small and select array of classics of substantive social psychol- 
ogy. è 
American social psychology has consistently underplayed the substantive descrip- 
tion and psychological analysis of important areas of social behavior, setting greater 
store upon developing refined techniques of data collection and measurement, on 
the one hand, or discovering general process laws, on the other. At the beginnings 
of an era of social psychological research, we find Thurstone’s ringing title, “Atti- 
tudes Can Be Measured” (1928)—launching a tradition in which the logic of 
measurement took priority over interest in the phenomena under study. The other 
emphasis, on general processes and relationships, may be exemplified by the the- 
oretically focused lines of development initiated by Lewin in the study of group 
dynamics and those carried forward at Yale and at Michigan in the study of attitude 


Social psychologists may justly take pride in these achievements, Both kinds of 
emphases potentially lay the ground for the systematic description and analysis of 
social life in its major facets from a social psychological perspective, but the latter 
task has to be attacked in its own right. To attack it profitably, moreover, takes 
substantial resources. Our methodological advances and our aspirations for a cumu- 
lative Science put the damper on attempts in this direction from the psychological 
armchair—though Products of such endeavors by an earlier generation still make 
stimulating reading, and we find ourselves surreptitiously turning outside the psy- 
chological fraternity to social critics like Riesman to fill the present Jack. Nor can the 
ever-available college sophomore tell us what we need to know. Small wonder, then, 
that there are few monographic classics in this vein to put on the shelf beside The 
Authoritarian Personality and The American Soldier. The Survey Research Center 
has put its special resources to good use in producing one, 

The book is based primarily on a two-wave interview survey of a national cross- 
section at the time of the 1956 election. But it also draws on data from a major 
study of the 1952 election (previously reported by Campbell, Gurin, and Miller, 
The Voter Decides, 1954), and from a less extensive national survey in 1948, thus 


theoretical analysis of the voting decision, not around the design of the Michigan 
surveys that provide its data. It is very well written: there are no tell-tale signs that 
four authors from two different disciplines had a hand in it. My experience indi- 
cates that advanced undergraduates can read the book profitably—if given some 
ase but the rich and closely analyzed material requires careful and attentive 
reading. 
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In contrast to the sociological emphasis of Lazarsfeld and his Columbia col- 
leagues in their community-based election studies (Lazarsfeld, Berelson, and 
Gaudet, 1948; Berelson, Lazarsfeld, and McPhee, 1954), the Michigan group ap- 
proaches the national data from an explicitly psychological perspective, in the general 
spirit of Lewinian field theory. The field theoretical strategy dictated an attempt to 
link the voter's decision to his immediately preceding political attitudes—in the 1952 
study (The Voter Decides), party identification, issue orientation, and candidate ori- 
entation. Although high correlations were obtained in the earlier studies, this approach 
was vulnerable to the criticism (cf. P. Rossi in Burdick and Brodbeck, American Vot- 
ing Behavior, 1959, pp. 5-54) that the criterial act and its predictors could be viewed 
as aspects of the same psychological entity; in Rossi's view, the authors stopped short 
of addressing themselves to the really interesting questions concerning the sources of 
these political attitudes. 

The American Voter meets this challenge by extending the range of causal anal- 
ysis. As a framework for the book, the authors develop a conception of what they 
call the “funnel of causality"—with the act of voting at the mouth or apex, the 
voter's explicitly political attitudes as immediate determinants in the narrow region 
contiguous with the mouth, and, as one moves back in time, a host of ramifying 
prior determinants of these attitudes. These include a core of explicitly political 
factors and a periphery of nonpolitical social and economic circumstances that 
require “political translation” before they become causally relevant to the voting 
decision, 

In the present book, party identification is dropped as an immediate attitudinal 
determinant and placed in the political core that extends in temporal depth back 
from the mouth of the funnel, because of solid evidence for its early establishment 
in political socialization and later relative stability. An ingenious method is applied 
to data for the two Eisenhower elections to assign relative weights to the several 
attitudes toward candidates, parties, and issues that are taken as immediae deter- 
minants; but the major achievements of the book lie in clarifying relationships among 
factors in other regions of the funnel. The funnel serves, in my view, as a useful 
scaffolding rather than as a formal model to be accepted or rejected; it is the 
authors’ declaration of strategy in approaching relevant relationships, pragmatically 
justified by the many instances in which they have contributed notably to our under- 
standing. 

What are some of these instances? Space permits notice of only three major con- 
tributions among many that could be mentioned, and brief discussion of a fourth 
topic that is handled less satisfactorily. 

Consider first the treatment of political conceptualization and ideology. The 
detailed analysis of references to domestic issues in free-answer responses to ques- 
tions about the good and bad points of the two candidates and the two parties 
exemplifies the “phenomenological approach" to social psychology called for by 
MacLeod in 1947 but rarely employed so systematically or advantageously. Of the 
members of the sample who said they voted in the 1956 election, only 15% gave 
responses that could be classified by the most generous interpretation as based on 
ideological principles. If the 1956 data are representative, political analysts who 
interpret election results as reflecting shifts in the “popular mandate” along a left- 
right, liberal-conservative continuum may thus be misapplying the categories of 
articulate political leadership. Going beyond phenomenology, correlational analysis 
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that is presented concerning the structure of political attitudes strongly suggests that 
what masquerades as economic liberalism—say, on the part of voters from the 
lower socio-economic ranks—is better understood as pocket-book-interest voting from 
a much less ideological perspective. The marginal shifts in vote that throw an 
election one way or the other, moreover, seem to occur mostly among voters who 
are minimally involved and utterly unideological. 

The effects on political attitudes of membership in social groupings are analyzed 
along lines congruent with principles established in the social psychological lab- 
oratory. A sophisticated analysis that could only be done with a large and repre- 
sentative sample shows, in the case of union members, Catholics, Jews, and Negroes, 
that the higher the identification of the individual with the group, the higher the 
probability that he will think and behave in ways that distinguish members of his 
group from nonmembers. The authors go on to show, in cases available for test, that 
as a person's perception of the proximity between a group and the world of politics 
becomes clearer, his susceptibility to group influence in political affairs increases. 
But among a person’s group memberships, party identification—at the extreme of 
close proximity to the political—plays a unique role as “a bridge from group 
identification to ‘proper’ political behavior,” providing a kind of fly-wheel of 
stability to the system. All of this is worked out in meaningful detail in relation to 
cogent data. 

What of the role of social class? In an original and important treatment of this 
traditional focus of research on political behavior, the authors start from the 
ambiguous standing of “class” as a self-conscience group striving toward recognized 
goals, Their thesis is “that the ‘group’ reality of the social class is variable. Under 
certaia circumstances, it is not difficult to conceptualize the social class as a ‘group. 
Under other circumstances, it is hard to see it as more than a vague demographic 
aggregate, arbitrarily marked off for purposes of analysis.” Where the group model 
fits, they show, the principles found to operate with other social groupings also hold 
for class. Via an index of “status polarization” the authors explore short term 
fluctuations in the tendency toward class voting, and social and psychological factors 
that tend to Promote and to limit it. Party identification once more emerges as a 
conservative influence on those who are strongly identified, in periods (such as the 
Eisenhower elections) when status polarization is in decline, or in other periods 
when it is rising. j 

Although The American Voter devotes a chapter to personality factors in voting 
behavior, its contribution in this sphere is less satisfactory. The major investment 
ish) 1956 election study in this respect was inclusion of items from Christie's 
; Sh Pasar al ie and with acquiescent response set controlled, no 

sue responses emerged. On theoretical grounds, the 
authors opt for a narrow or residual conception of personality, more or less re- 
stricted to “deep” motivational factors. Such a conception minimizes the likelihood 
Ee signficant relationships between personality and political behavior will be found. 

(ALAS extended view of personality is entertained, to include a person's major 
cognitive traits (surely related to level of political conceptualization), his tempera- 
mental traits, values, and identifications, the story might well be different. 

But this is to carp at a minor aspect of a book that in whole and part is otherwise 
very satisfactory indeed. It is far and away the best existing analysis of American 
presidential voting; I would consider it the most substantial contribution yet made 
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from the behavioral sciences in the political area, And I can think of no piece of 
survey research that makes a more impressive psychological contribution. Limited 
though its central data are to the Eisenhower elections with all their peculiarities 
and time-boundedness, the book is informed by a comparative and historical per- 
spective that establishes its valid claim to more enduring significance. As for the 
questions that remain open, and there are many important ones, it is heartening to 
know that the Survey Research Center's program of political studies is continuing. 
We can anticipate sequel volumes, and our anticipations of them will be high. 
University of California, M. BREWSTER SMITH 
Berkeley 


The Manipulation of Human Behavior. By ALBERT D. BIDERMAN and HERBERT 
ZIMMER (Editors). New York, Wiley, 1961. 323 pages, $7.95. 

Few questions of applied psychology have aroused as much interest and been 
surrounded by as much fiction and fantasy as the question of how much power 
an unscrupulous interrogator really has over an unwilling subject. We think of him 
not only as using the classical torture devices, but also as a skilled hypnotist, 
psychopharmacologist, neurophysiologist, sensory depriver, and social psychologist. 
Should we wonder that the layman often shrinks back from a modern psychology 
which promises so much control over mind and behavior? 

The question, of course, is how much of this image is fact and how much is 
fancy? What areas of behavior are subject to manipulation, even in an unwilling 
subject, and what are the probabilities of successful resistance? Biderman and 
Zimmer asked a number of contributors to discuss various psychological and 
physiological techniques which might be brought to bear in interrogation. The 
result is a fascinating and tremendously useful review of psychophysiology, sensory 
deprivation, psychopharmacology, lie detection, and hypnosis. An additional chapter 
on subcortical stimulation by implanted electrodes was commissioned but not com- 
pleted because the reviewer, Dr. Sidney Marvin, felt that the known methods were 
too crude and experimental results too tenuous to warrant its serious consideration 
as a practical method of manipulation. 

This collection will be of interest both to the practitioner (i.e. the police interro- 
gator) and to the experimental psychologist. It brings together under one cover a 
tremendous amount of information, and presents it at a level of complexity ap- 
propriate to the material. The individual authors do not attempt to write popular- 
ized extrapolations, but rather, serious, considered reviews and analyses of the 
issues. At the same time, the practitioner will find neither the technical vocabulary 
nor the discussion of theoretical issues to be obscure or irrelevant. Most of the 
chapters are well organized, making it possible for the reader to discriminate easily 
the more or less technical parts of a chapter. 

Looking at the volume as a whole, what is the answer to the question of human 
manipulability? One can capture the flavor of the individual conclusions best simply 
by saying “it all depends”; in most instances it depends on those elusive and stub- 
born variables—the social situation and the personality. Thus, certain drugs can be 
very effective in eliciting information, but not in all situations or with all people; 
and there is the uncomfortable possibility (for the psychopharmacologist) that those 
who give information under drugs are the same ones who would give it without 
drugs, Is it worth addicting a subject in order to gain control over him when com- 
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parable control can be established by the withholding of water? Sensory depriva- 
tion has a reliably established disorganizing effect on human functioning, but 
whether such disorganization also leads to willingness to reveal protected informa 
tion is far from established. Again, it seems to depend somewhat on the personality 
and situation. Lie detection can be quite accurate in picking up the lying subject, but 
not in all people—apparently some can chronically fool the machine and the op- 
erator. What of hypnosis? It seems well established according to Orne that one 
cannot induce trance in a resistant subject, unless there is a positive relationship 
between him and the hypnotist. Whether the subject will then behave in a manner 
inconsistent with his own standards again seems to depend on his relationship with 
the hypnotist, and we again learn that the subject who would talk under hypnosis 
is probably the same one who would talk without being put into trance. 

A second theme recurs in a number of the reviews. The more you debilitate, drug, 
perceptually deprive, etc. the subject, the more confused he becomes and the more 
unreliable his statements become. Thus the interrogator must always balance the 
gains derived from manipulative interventions against the risks thereby incurred of 
obtaining fantasy or confabulated material. Subjects wishing to protect certain items 
of information seem to be able to do so even under hypnosis or under the influence 
of drugs. 

The third and perhaps most important conclusion reached by each reviewer is 
that the state of the art appears to be well ahead of the state of the science. Es- 
pecially in the fields of hypnosis, psychopharmacology, and sensory deprivation there 
are insufficient well-controlled studies to make possible reliable inferences con- 
cerning the effects of such operations on the motives and thought processes of in- 
dividual subjects. If this book succeeds in establishing clearly only this one fact, 
it will have been most worthwhile, if only to destroy once and for all the stereo- 
type of the psychologist-interrogator as omniscient and omnipotent. 

The individual chapters are of somewhat uneven quality. Gottschalk’s review of 
the uses of drugs and Orne’s review of the uses of hypnosis are the most pointed 
toward the problem of interrogation, the most clearly organized, and conceptually 
the most stimulating. Hinkle’s discussion of the “brain syndrome” is in spots too 
conjectural and oversimplified. It is hard to believe that the whole range of stress 
conditions he discusses all lead essentially to one kind of syndrome, and that the 
psychosomatic point of view can be so safely ignored. Hinkle asserts that the brain 
syndrome involves increased suggestibility but does not substantiate this with ex- 
perimental data. 

Kubzansky’s review of studies of reduced environmental stimulation is excellent 
and much needed, It falls short only in the one respect that it assumes the interro- 
gation situation to involve more sensory deprivation than it actually does. It is only 
T ES et hee that it is social under- or over-stimulation which is 
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experiments in social influence, but little attempt to select the more or less im- 
portant ones in terms of implications for interrogation. And in the process of fitting 
experiments into their scheme, Blake and Mouton have missed some (eg. Rosen. 
berg's studies of attitude structure) which have direct implications for an under- 
standing of how and why some interrogators are as successful as they are. It is 
regrettable that the field of social psychology which has perhaps the most to offer to 
an understanding of interrogation should appear to be as impoverished as this 
review implies by its content and conclusions. 

The reviewer also wishes that the editors had seen fit to include some of their own 
material, notably an excellent socio-psychological analysis of the interrogation 
situation and its face-to-face demands by Biderman (Sociometry, 1960, 23, 120-147), 
to indicate how powerful are the interpersonal forces which an interrogator has 
available to him, thus making unnecessary a lot of pharmacological or hypnotic 
manipulation, 

Finally, a word must be said about Meltzer’s excellent closing chapter, on malinger- 
ing as a way of countermanipulating by the subject. Meltzer’s discussion makes it 
quite clear where such an approach is likely to succeed and where to fail, and reveals 
beautifully how much the interrogation situation is a game of wits between two 
people in which all the odds favor the interrogator because of his greater control 
over the situation. 

University of Texas Jack CAPEHART 


Experimental Design in Psychological Research (Rev. ed.). By ALLEN L. Ev- 
warps. New York, Rinehart and Co., 1960. Pp. xiii, 398. $6.50. 

The original edition (1950) of Experimental Design in Psychological Research is 
probably as well known to psychologists as any book in the field. Those who are 
familiar with the first edition will quickly recognize the family resemblances in the 
revision, Though there have been some changes in content and emphasis in ten 
years, writing style, pedagogical technique, and the model for intra-chapter organ- 
ization are basically the same. 

About one-fifth of the revised edition is new material. The major additions cover 
analysis of variance models, multiple comparisons, and techniques for applying 
orthogonal weighting coefficients to designs ranging from the simple randomized to 
trend analysis. The new book is shorter than its predecessor. Discussions of chi 
square, t, r, scale transformations, and heterogeneity of variance have been ab- 
breviated, Nevertheless, at least one-third of the book is still devoted to topics that 
would normally be covered in a first undergraduate course. The present review will 
be concerned principally with the new material in the book and with the general 
approach to teaching experimental design. 

The treatment of analysis of variance models is somewhat disappointing. Rather 
than incorporating each model with the discussion of the associated test, all models 
are considered in a single postscript chapter. The effect is to underplay the im- 
portance of models in the design and analysis of experiments. Furthermore, the 
term model is not defined, and none of the models discussed is ever explicitly 
stated.. Tables of expected mean squares are included for a number of designs, but 
the value and meaning of these tables is diminished by the failure to define ex- 
pected mean square. At one point the ratio of two expected mean squares is in- 
correctly shown as equal to F. Consequently a student might conclude that expected 
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mean squares are statistics with sampling distributions rather than parameters de- 
scribing sampling distributions. Rather than rationalizing or analytically determin- 
ing expected mean squares for the models discussed, the treatment of this topic 
consists largely of mechanical rules for generating expected mean squares. Some of 
these rules are reduced to modifications of the subscripts of the previous model. 

Experimental examples are presented to illustrate two of the mixed models. The 
choice of variables in one of these examples is unfortunate, though correct. In the 
study two experimenters are used, one male and one female. Sex is treated as a 
fixed variable in the model. It is not made perfectly clear, however, that generaliza- 
tions are restricted to the particular experimenters used, and that samples of size 
one leave the sex variable hopelessly confounded with other differences between 
the two experimenters. 

The new material on procedures for making specific and analytical comparisons 
among means is a welcome addition. Duncan's “New Multiple Range Test,” Dun- 
nett’s test for comparisons with a control group, and Scheffé’s test are all included 
in a chapter on multiple comparisons. Examples are given to illustrate the com- 
putations required for each test. The discussion of the general characteristics of such 
tests is rather limited. More space might well have been allotted to questions of 
when the tests should be used and to the notion of error rates. 

Procedures for making orthogonal comparisons are also introduced in the chapter 
on multiple comparisons. The treatment of this t 
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considerations involved in their application. Though principles of experimental 
design are occasionally discussed, they are not heavily emphasized. 

It is easy to argue that an author should have written a different book, that he 
should have included some topics and omitted others. While the prejudice of the 
reviewers is for a book which would eliminate much of the elementary material of 
the first 100 pages, which would give more space to a number of advanced topics, 
and which would emphasize principles more heavily, many instructors will un- 
doubtedly find the revised edition of Experimental Design in Psychological Re- 
search a very useful text. Despite its shortcomings, the book it more readable and 
more comprehensible than most of its competitors. 

University of Arizona Rosert E. MORIN 


Psychological Scaling: Theory and Applications. Edited by HAROLD GULLIKSEN 
and SAMUEL MESSICK. New York, John Wiley and Sons, 1960. Pp. xvi, 211. 

That the application of mathematical models to treatment of psychological data 
is an integral part of both substantative and methodological aspects of much 
current psychological thinking can no longer be doubted when one studies the 
fourteen chapters appearing in Psychological Scaling. Based on the written contribu- 
tions of fourteen of twenty-two distinguished participants at a conference upon 
psychological scaling held in Princeton, New Jersey in May, 1958, the contents of 
the volume will be of interest primarily to members of Division 3 and Division 5 
of the American Psychological Association, although a large proportion of them 
will find it necessary to do a great deal of preparatory reading (e.g., Guilford,’ and 
Gulliksen,’ and Torgerson?) in order to grasp the impact of most of the chapters. How 
far psychometric theory has progressed since the appearance in 1936 of Guilford’s 
Psychometric Methods! 

Organized about five topics, each of which constituted the context for discussion 
during each of five different sessions, the chapters, subsequent to an introductory 
one by Gulliksen, also form five logical groupings: (1) scaling properties, com- 
prising Chapters 2 through 5, in which characteristics of category scales and quanti- 
tative estimation scales are discussed by Lyle Jones, Torgerson, Shepard, and Green 
with particular reference to their implications for the nature of psychological judg- 
ments; (2) psychophysical scaling, treated in Chapters 6 and 7, in which properties 
of various types of scales (such as ratio, category, and confusion) and the loud- 
ness function are considered by Stevens and by McGill respectively; (3) test theory 
and psychological scaling, found in Chapters 8 and 9, in which Lazarsfeld outlines 
his thinking upon the relationship of latent structure analysis to test theory and 
Lord, in equating ability to a latent continuum, proposes means for inferring a true 
score; (4) choice and the measurement of utility, covered in Chapters 10 and 11, 
in which Ward Edwards describes additive and non-additive models in the maxi- 
mization of subjectively expected utilities and their implications for measurement 
of value, and Siegel sets forth an axiomatic basis for higher ordered mettric scaling 


ea 


‘J. P, Guilford, Psychometric Methods. (2nd ed.). 1954. se 

2H. Gulliksen, Mathematical solutions to psychological problems. Amer. Scientist, 
1959, 47, 178-201. 

iW, S. Torgerson, Theory and Methods of Scaling, 1958. 
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and evaluates his model in individual decision-making; and (5) multivariate scaling 
models, constituting the basis for Chapters 12 through 14, in which Coombs, 
Tucker, and Abelson individually treat varied aspects of multidimensional scaling. 

Throughout this broad survey of recent thinking in scaling theory numerous 
applications are cited with respect to measurement of sensory magnitudes, cogni- 
tive abilities, utility, and attitudes, Several of the examples, however, constitute 
rather specialized illustrations, the immediate utility of which many an applied 
psychologist and even research worker in industrial and educational psychology 
would find difficult to see. All in all, the volume affords both a broad perspective 
of recent developments in scaling theory and an appropriate balance in the types 
of models and sorts of applications being made. 

Of encouragement to the reader with somewhat limited mathematical training 
is the fact that most of the major conceptual material is expressed in verbal terms 
with a minimum of mathematical notation. In his chapter concerning intra-individual 
and inter-individual multidimensionality Tucker has wdely deferred to the end an 
extensive mathematical outline of his presentation. 

Despite the diversification of interests and emphases of the writers the volume 
is well organized and well written, Particularly helpful and pleasing are the 
humerous captions that serve to guide the reader in his grasp of countless concepts 
that could readily be lost in a less suitable format. Although by no means exhaustive, 
the bibliography of more than 150 references does include references covering 
much if not most of the significant work done during the past fifteen years in scaling 
and in theory of measurement. 

In short, the reviewer found the volume to be informative, well organized and 
clearly written, representative of current research thinking in psychological scaling, 
and useful as a reference source, Although highly specialized in coverage, it should 
find its way to the shelves of most students and research psychologists who are con- 
cerned with scaling theory, sensory psychology, decision making and choice be- 
havior, and factor analysis. Its excellence should stimulate many to think about 
several of the problems posed, to formulate additional problems, and to make 
important original contributions to their solution. 

University of Southern California Wittram B. MICHAEL 

Meaningfulness and Verbal Learning. By BENTON J. UNDERWoop and RupoLPH 
W. Scuutz. Chicago, J. B. Lippincott, 1960. Pp. vi, 430, $6.50. 
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wood. The numerous pitfalls and setbacks encountered along the way receive their 
full share of attention, and the amount of effort directed toward side issues only 
indirectly relevant to the main problem is both extraordinary and commendable. 
Unfortunately, this attention to detail also complicates the task of the reader, espe- 
cially in the last half of the book where both organization and quality of writing 
deteriorate somewhat from their initially high standard. To maintain maximal con- 
tinuity, the reviewer would suggest either reading Chapter 9 on Letter-Sequence- 
Habits between Chapters 5 and 6, or omitting it entirely on a first reading. 

In view of its sad fate at the hands of several experiments, the tenacity with 
which the authors still cling to their “spew” hypothesis (Meaningfulness = Fre- 
quency of experience with material) at book's end may come as a surprise. Due 
to the high predictive accuracy of the “pronunciability” attribute, the burden of 
explanation necessarily gets shifted from printed to emitted frequency, on which 
data are admittedly sparse. Consequently, the reader is likely to feel let down by this 
concluding interpretation, considering the voluminous research effort preceding it. 
This, however, is in large measure the fault of the problem, which requires the 
disentanglement of several highly-correlated attributes without adequate tools for the 
job, since none of these attributes can be scaled with sufficiently high reliability. 
Viewed in this light, the extent of the authors’ advance toward a resolution of the 
problem becomes far more impressive. 

Although the range of content is limited, the authors have much to say to re- 
searchers both within and outside the confines of verbal learning. The usefulness of 
a ‘stage’ analysis of verbal learning is conclusively demonstrated, as is the value of 
combining correlational with experimental methods of analysis. In the final chapter, 
they join the growing chorus pleading for more attention to the verbal (introspec- 
tive?) reports of subjects in learning experiments. Nevertheless, the book's unique- 
ness as a many-faceted systematic attack on an exceedingly complex problem re- 
mains its outstanding feature. If it is at all representative of future trends in 
verbal-learning research, the currently popular characterizations of that area as 
sterile, artificial, or rigid are about to become distinctly outmoded. 

University of Virginia Wituiam F. BATTIG 


Automation and the Worker: A Study of Social Change in Power Plants. By 
Froyp C. MANN and L. RicHarp HorrMaN. New York, Henry Holt and Com- 
pany, 1960. Pp. xiv, 272. $4.50. 

This is at once a superior piece of research in industrial psychology and a re- 
minder to psychologists that it is extremely difficult to attain tight research designs 
in an ongoing industrial operation. 

The authors have provided us with some valuable data on the behavior and atti- 
tudes of workers in modern electric power plants. They have found some differences 
between: workers in a highly advanced plant, with automatic feed-back controls and 
other technical innovations, and workers ‘in’ a traditional plant. Unfortunately, it is 
virtually impossible to tell’ what proportion’ of these differences may be ascribed to 
the automated equipment, and how much to other variables. 

Workers are better satisfied in the new plant; but their wages are also higher than 
in the old one, and wages notoriously have some effect on job satisfaction. Foremen 
have more authority, do not perceive their role as “messenger boys for top manage- 
ment” in the new plant; but the top plant executives in the new plant endorse a 
philosophy of decentralized control, whereas top management in the old plant held 
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to tight central controls. Does automation change top managerial philosophy? It 
seems unlikely. Hence the behavior of the foremen (of which the workers approve) 
may be a function of organizational climate rather than of automation. The workers 
enjoy their job roles, which are more varied and interesting, but they also have a 
chance to socialize more on the job. (In C. R. Walker's Toward the Automatic 
Factory, workers complained of automated jobs because they were relatively isolated 
from their fellows.) Finally, the workers in the new plant were not a random sam- 
ple of the company's prior employees; by some curious chance, they show a much 
higher percentage of Republicans, and they voted against a union to represent them, 
whereas all the company’s other plants were unionized. 

It is thus unjustified for the authors to say, “Our Present findings emphasize the 
profound effects which the design and location of equipment have both on the 
various jobs which workers perform in a plant and on the kind of organizational 
and group relationships which develop among them” (p. 193). The findings show 
differences which, as noted above, are Open to various interpretations. The problems 
are not due to inadequate research design, but to the fact that in industry precise 
controls simply cannot be observed in most investigations. 

In a concluding chapter on “administrative and research implications” the authors 
do an exceptionally fine job of identifying problems which management should face 
before embarking on automation, and they speculate intelligently on the role of the 
technological factors per se in producing their data. Many of these insights derive 
from casual interviews with workers and from on-the-spot observation, rather than 
from the questionaries of the Survey Research Center. The latter, while admirably 
constructed, could not pick up some kinds of crucial data. This is not to deprecate 
the use of questionaries but to Suggest that they are most useful when neatly em- 
bedded in a careful study of the history and overall functioning of the organizations 
within which they are employed. 

This book is highly recommended for industrial psychologists and for industrial 
executives, 

Wayne State University Ross STAGNER 


The Training of Psychotherapists. Edited by NICHOLAS P. DELLIS and HERBERT 


K. Stone. Baton Rouge, La., Louisiana State University Press, 1960. Pp. xii, 188. 
$5.00. 
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not had personal therapy. Despite this, all the other panelists agreed that personal 
therapy was a decided advantage, and some insisted that it was a basic essential. 
Although some of the panelists are psychoanalysts, there appeared to be almost 
unanimous agreement that psychoanalysis should no longer be considered the 
treatment of choice with a majority of emotional problems. 

Psychologist Gordon Derner won approval of his plea that future psychother- 
apists should be trained broadly and in such areas as behavioral science, social 
science, anthropology, “the biological and physical aspects of man,” philosophy and 
mythology. The group rejected the proposal made elsewhere by Kubie that there 
be a six year training program to combine the useful aspects of medical training 
with training in psychology. The general theme seemed to be broad training and 
flexibility of approach to the patient, according to the particular patient's presenting 
problems. 

Academicians will find the discussion interesting but difficult to translate into 
semester hours of credit for this or that topic. As a matter of fact, admitted by the 
editors, the topic of training received less attention than did the question of what 
is psychotherapy and who should do psychotherapy. Perhaps this indicates that 
problems of professional role are still uppermost in the minds of clinical psychol. 
ogists and psychiatrists who are on the “firing line” in clinics and hospitals. At 
least one participant has the role of psychiatric resident and psychological intern 
neatly differentiated: “The residents tended to meet crises more with authority and 
directive action, while psychology trainees tended to meet them more with with- 
drawal and detachment.” 

University of Richmond AUSTIN E. GRIGG 


Transactions: Fifth Conference on Neuropharmacology, Princeton, New Jersey, 
1959. Edited by Harotp A. ABRAMSON. New York, Josiah Macy, Jr. Foundation, 
1960. Pp. 251. $6.00. 

Four presentations make up this fifth and final conference in the neuropharma- 
cology series which was sponsored by The Josiah Macy, Jr., Foundation. Uden- 
friend takes the interesting tack of comparing the metabolism of the entire group of 
neurologically-active amines, among which are epinephrine, norepinephrine, acetylo- 
choline, serotonin and histamine. Ordinarily considered separately, these substances 
turn out in this very useful discussion to share common features of origin and 
mode of metabolism. This presentation and accompanying discussion are biochemical 
in orientation and will be valuable to anyone concerned with the intimate details of 
what happens to these substances in the body. 

The central actions of chlorpromazine and reserpine are discussed by K. F. and 
Eva Killam, and by Brodie. It is by now clear that the common tranquilizing effects 
of these drugs are produced by markedly different physiological mechanisms. The 
Killams point this up in two ways. First, they show that neither drug does the 
obvious and suppresses or inhibits the reticular formation. How reserpine acts is not 
clear, but chlorpromazine seems to produce its effect by enhancing the inhibitory 
effects of the reticular formation on incoming sensory impulses. Secondly, they show 
that these drugs have different effects on electrical brain rhythms of cats fully 
trained in a conditioned avoidance response. In these investigations, carried out with 
E. R. John, reserpine brought about what they call a “‘detraining” or “decoupling” 
of the rhythms to a level observed during acquisition. Chlorpromazine on the other 
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hand seemed to produce its effects by interfering with transmission of afferent 
impulses from the conditioned stimulus. 

Brodie develops his hypothesis of how the two drugs act. The focus of action for 
both drugs is the hypothalamus. Chlorpromazine is hypothesized to block a central 
adrenergic system related to Hess's ergotropic system while reserpine acts by stim- 
ulating a serotonin system related to the trophotropic system. Several new analogues 
of psychotropic drugs worth noting are mentioned in the presentation. Koella pre- 
sents data to show that three separate factors are concerned in how serotonin 
depresses cortical potentials evoked by light flashed into the retina. Neural impulses 
from the carotid sinus, a bilateral inhibition from subcortical levels, and an ipsi- 
lateral cortical inhibition are all influential. 

These transactions are essentially verbatim accounts of the spontaneous give-and- 
take at the conference. Their value has been materially enhanced by including expert 
Summaries of the discussions by Quastel and by Pfeiffer. The reader would be 
wise to sample the expert offerings in this volume by beginning with the sum- 
maries. 

Cornell University ALLAN C. GOLDSTEIN 


Learning and Behavior, By REED LAWSON. New York, The Macmillan Company, 
1960. Pp. xii, 447. $6.75. 

This is an undergraduate-level text aimed at the usual course in learning taught 
from a behavioristic, empirical viewpoint. The book is organized around a “stimulus 
response-reinforcement” model of learning phenomena into which most such phe- 
nomena have been forced, often in a quite original and constructive way. The tech- 
nique of the author is to describe experimental paradigms in terms of variations in 
one or more of the three aspects of the model. This Organization in combination 
with the sometimes idiosyncratic terminology used in the book results in chapter 
subtitles which may irk the purist such as “One R/ Motivation Relevant/ X Not 
Pertinent, ‘Acquired.’ ” From the point of view of the student, the strong thread of 
Organization tends to tie together a mass of material which in other books is often 
seen as a diverse conglomeration of facts and theories. 

An interesting feature of the book is the relatively liberal use of extended quota- 
tions from original sources when they make Lawson's point. These quotations and 
the references are carefully selected as illustrative studies. The book is not a catalog 
of names and experiments. As a result, Lawson's list of references is only about 


half as long as that of another very recent book dealing with the same material at a 
comparable level, 


operant conditioning. Then follow chapters on discrimination learning, transfer of 
training, and eliminating. (changing) simple habits.” The next two chapters deal 
with learning situations that do not seem to fit the model (e.g. place learning, sen- 
sory Preconditioning) and with relating motivational concepts to his admittedly in- 
complete model. Finally the book deals cursorily with the acquisition of habits in 
complex situations (e.g. rote learning). 

The book seems Particularly well-suited as an introduction to the theories and 
facts of the field of learning which derive from the work of Hull and Skinner and 
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their adversaries. The strong point of the book is its implicit assumption that the 
undergraduate is taught best when exposed only to selected, representative experi- 
ments which highlight the various phenomena and theories of the feld in a well- 
organized context. The disadvantage of the approach is that it makes things seem 
simpler than they are. 

Duke University C. ALAN BongAu 


Management in Marketing. By Hector Lazo and ARNOLD CORBIN. New York, 
McGraw-Hill Book Company, Inc., 1961. Pp. xviii, 657. $8.50. 

In recent years increasing attention has been paid to what has been referred to as 
“the new marketing concept.” Usually this means a movement away from the simple 
concept of marketing, which was conceived of as selling anything the factory could 
produce, to the more current concept, which is customer-oriented for profit. Under 
this new approach, all activities of a company which are not strictly financial, manu- 
facturing, or technical, are integrated under a single marketing head and oriented 
toward customers and customer-needs, Drucker in his short forward expresses this 
well when he says, “Economically, all activities of a business other than marketing 
are ‘costs’ (or at best ‘risks’ ); only marketing produces ‘results.’ " 

The material presented in this book is based on three years of research, two na- 
tional mail surveys covering more than 1000 business firms, several dozen personal 
interviews and conferences with business leaders, writers, and management consult- 
ing executives. 

The content of the book is presented in three parts: Part I, Preliminary Phases, 
includes chapters mostly concerned with organizing for marketing; Part II, Man- 
agement in Specific Marketing Functions, deals chiefly with chapters on marketing 
research, product planning, sales and advertising, and distributions; Part III, Ele- 
ments of Managerial Administration, includes chapters on control in marketing, peo- 
ple in marketing, and benefits of marketing management. Each part is followed with 
case studies illustrating the material presented. The book also contains an appendix 
and index. 

According to the authors, many economists and business observers believe that the 
decade of the sixties is destined to become the decade of marketing in the same 
sense that the decade of 1900 to 1910 was the decade of finance and the decade of 
1910 to 1920 was the decade of production. There are some signs indicating this 
kind of a trend. 

It is the opinion of the reviewer, however, that there is more to business than 
marketing and there is more to organized thinking about business problems than 
marketing concepts, particularly when human organization in industry is as neg- 
lected as it is in this volume. But, as good books on marketing go, this is a rela- 
tively comprehensive book, practical, useful for people in the field, and it can do 
some good for some people interested in the field because of their relationship to 
the implications of the work. 

Human Relations Research Foundation H. MELTZER 

St. Louis, Missouri 


Stuttering and What You Can Do About It. By WENDELL JOHNSON. Minneapo- 
lis, University of Minnesota Press, 1961. Pp. ix, 208. $3.95. 

Having completed some thirty years of work on the problem of stuttering, a noted 
authority on speech disorders writes a book addressed directly to stutterers and 
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parents of stutterers. Practical suggestions for help are skillfully interwoven with the 
story of the author's efforts to cope with his own stuttering, his years of research on 
the problem at the University of Iowa, and the development of his present views on 
the subject. 

Johnson's vision of the truth about stuttering is a seductive one. He has, more- 
over, a gift for communicating his excitement about it. Consequently, the layman 
will have to read this book very carefully to discover that there is much doubt and 
controversy among professional workers regarding the etiology and treatment of 
stuttering. The basic message contained in this book is that at the moment the 
problem of stuttering first arises for a child's parents his nonfluencies are essen- 
tially similar to those of most other young children. They begin to differ from nor- 
mal nonfluency only when he has reacted for some time to his parents’ anxious, 
perfectionistic misevaluation of his hesitancies. Accordingly, the best way for parents 
to prevent the problem from developing further, or to treat it in its early stages, is 
to re-orient themselves perceptively and evaluatively to the child’s speech. This thesis 
is conveyed to the reader with appropriate tact, and supported by parents’ descriptions 
of the earliest speech symptoms which they had identified as stuttering in their chil- 
dren. A notable feature of the book is the inclusion of transcripts of some of 
Johnson's interviews with stutterers’ parents. This material, presented for the first 
time, provides fascinating insights into the process by which the author draws the 
particular inferences about stuttering that he does, 

As a popularization of a technical subject, this book is far superior to the usual 
lar science writers, and parts of it come close to 
making a literary genre of this kind of writing. Altogether, it is an absorbing, de- 
i iali does not accept all of Johnson's basic premises, at 


Brooklyn College Otiver BLOODSTEIN 


Psychology of Literature: A Study of Alienation and Tragedy. By RALPH J. 
HALLMAN. New York, Philosophical Library, 1961. Pp. 262. $4.75. 

There are as many schools of literary anal 
Hallman, in this attempt at a theory of tra 


analysis. His reason is that “tragedy appears to be something other than an art 
form; unlike most of the other arts, it tries to Overrreach itself and to speak about 
the human situation as it Occurs outside of literature.” Thus this book is a psy- 
chology, not of the reader, nor of the writer, but of a persistent theme, the aesthetic 
expression of the tragedy of the human Situation, 

Hallman rejects the classi 


ysis as there are of psychology, but 
gedy, puts his trust in psychological 


eee. 
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and regressing to the primitive condition, in the womb of Mother Nature, that is 
by dying, can he be reborn. 

This book must be evaluated by the standards of literary criticism rather than 
those of empirical psychology, with which it makes only occasional contact. Cer- 
tainly reading it is a challenging intellectual engagement. “Tragedy forces man to 
consider the boundaries of his own existence.” Knowledge is fragmentizing, we are 
told, while the “wisdom of the primitive mind, as expressed in its mythology, 
teaches the essential unity of experience.” “Individual thinking . . . arises out of 
a floundering and failing ritual.” Some psychologists will be carried away by these 
mystical insights into the death drama; few will be reborn. 

Michigan State University Donatp M. JOHNSON 


The Problems of Perception. By R. J. Hirst. London, Allen and Unwin; New 
York, Macmillan, 1959. Pp. 330. $5.25. 

British philosophers have for a long time been giving us admirably written, closely 
reasoned analyses of the processes of cognition. One thinks, for instance, of Ber- 
trand Russell's Analysis of Mind (1931), H. H. Price's Perception (1933), and 
Brand Blanshard’s magnificent The Nature of Thought (1939). The philosophers 
may seem to dispose of our cherished psychological facts with disturbing ease, but, 
after all, they are solving problems which we psychologists are only dimly aware of; 
and, at any rate, they are always a delight to read. 

Professor Hirst, a lecturer in logic in the University of Glasgow, writes in the 
best British tradition. The psychologist might say that his analysis is ‘logical’ 
rather than ‘psychological,’ but he differs from most of his predecessors in that he 
seems to have some acquaintance with the experimental literature that has accumu- 
lated during the past 100 years. Not a deep acquaintance, it is true, for he has 
virtually ignored the wealth of information that has come from the German labora- 
tories (how can one write on perception without having read Metzger's Gesetze des 
Sehens?) ; but at least he knows that there have been researches into the problems of 
phenomenal constancy, which Price did not seem to know in 1933, and he is alive 
to the recent challenges from neurophysiology. 

This is not the place for a critique of Hirst’s final position, to which he comes 
after having examined and refuted most of the standard theories. It is a form of 
Identity Theory which most psychologists will probably find congenial, and cer- 
tainly not shocking. The reviewer's question is: should the psychologist invest his 
time in the reading of a book which borders on his own interests but which is 
essentially philosophical? His judgment is that the investment is a good one. When 
a philosopher settles down to a bit of clean reasoning about psychological problems, 
the result is sometimes a thing of beauty. Hirst is not a modern Brentano; but he is 
very good. 

Cornell University R. B. MacLeop 


Creativity. By EMANUEL F. HAMMER. New York, Random House, 1961. Pp. x, 
150. $1.25. 

The title of this paper-back is misleadingly broad. Its contents actually deal with 
the preliminary stages of a study of some very small samples of high-school art 


students. 
Teachers of 18 students holding scholarships selected five whom they regarded as 
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“truly creative” and five whom they tegarded as “merely facile,” where ‘creativity’ 
meant “communication of real feeling.” The author applied four projective proce- 
dures, two of which involve the subject's drawing of pictures. He later compared 
protocols of the two groups. 

A kind of cross-validation was made in a second class of similar students, in which 
13 were judged in similarly extreme groups, with 11 hits and 2 misses. Additional 
cross-validations are planned in future classes, 

Conclusions are drawn concerning differences in certain traits of “truly creative” 
vs. “merely facile” art students. As in the case of most results with projective tech- 
niques, the descriptions of the trait are often not communicable, nor has validity of 
the constructs been established. Evidently under some pressure to do so, the author 
goes well beyond his results in describing creative artistic personality. 

Application of the traits in question to creative groups other than artists should be 
especially tentative. It is doubtful, for example, that scientists are creative because 
they “communicate their real feelings.” It can even be questioned whether com- 
munication of feeling, whether “real” or not, is even the best conception of crea- 
tivity for artists, There is probably a geriuine distinction between being expressive 
and being inventive. Expression of feeling would lend itself better than inventiveness 
to detection in projective performances, particularly when those performances are 
in the form of drawings. 

University of Southern California J. P. Guttrorp 


Speech Disorders and Nondirective Therapy: Client-Centered Counseling and 
Play Therapy. By Ropert F. He JNA. New York, The Ronald Press Company, 1960. 
Pp. vii, 334, $6.50. 

This book purports to be a discussion of “client-centered counseling and play 
therapy” (p. 11) for speech disorders in general. In Chapter 2, entitled “Areas of 
application,” the topics considered are delayed speech, stuttering, voice problems, 


Apparently Hejna has failed to consider the great heterogeneity of speech dis- 
orders. It is as though the psychoanalyst wrote on the treatment of headaches, in- 


ROBERT West 
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612-618; food (monkeys), 252-259. 
Drugs, affecting accommodation, 359, 
pupilar size, 555; chlorpromazine, ef- 
fect of, on size-constancy, 552-560. 
Duration, anchor-effects on perception of, 
18 ff.; auditory vs. visual, 17-26; four 
ig of estimating, compared, 27- 


Bdge, contour, perception of, 101-103. 
E ect, spread uk in learning, 493-505. 
Egoism, motivation and, 625-629. 
Einstellung, 326 f. 
otion, danger, time over-estimated 
during, 94-97. 
Enterprise, human side of, 317 f. 
Errata, 154, 633, 
Experimental design, 653-655. 
Extinction, resistance to (fish), 561-568. 
Eyeblink, conditioning, 301-303. 


Field-theory, sensory-tonic, 3-16. 

Figural after-effects, attention and, 629 f.; 
„kinesthetic, 457-461, 473 f. 

Figure, reversible, husband and father- 
in-law, 312 f, 


INDEX 


Fish, see Animals. 

Fluctuation, meaning, verbal, with repe- 
tition, 511 ff. 

Fly, see Animal. 

Form, children’s preference for, 177-180; 
perception, expectancy and, 215-223; 
preference, determinates of, 180 ff. 

Frequency, learning and, 657; see Learn- 
ing; Repetition. 

Freud, Sigmund, letters of, 328 f. 


Galvanic skin response, 74-79; apparatus, 
293-297. 

Games, theory of, 485 f. 

Generalization, learning without, 425- 


31. 

Genetics, behavior, 147 ff. 

Goals, values and, semantic ratings, 
310 ff. 

Group dynamics, 155 f. 

Guessing, subliminal stimuli, effect of, 


on, 54-60. 
Guidance, child, 489 f. 
Hearing, monaural vs. binaural, 509. 
Hedonism, motivation of behavior, 625- 


629. 
Hovland, Carl Iver, 636-639. 
Hue, apparent weight and, 104 f. 
Hunger, hyperphagia (monkeys), 252- 
259 


Hutcheson, Francis, theory of motives, 
625-629. 

Hypnosis, fact and fiction, 160. 

Hyperphagia, 252-259. 


Illusion, weight-hue, 104 f . 
Illusory changes, words repeated, 506- 
516, y 


16. 

Image, retinal, 440-445. 

Incentive, shock, electric, 462-466. 

Industrial psychology, automation and 
social change, 657 f. 

Information-theory, 319 ff.; concepts, 
identification of, 410-417, 418-424; 
decision-making, 433-439. 

Inhibition, retroactive, 283-286. 

Insight, generalization and, 428 f.; learn- 
ing and, 426 f, 

Intensity, electrical, cutaneous, 45-53; 
stimulus, reversible perspective and, 


131 f. 

Intermodal adaptation, 4 ff.; auditory 
vs. visual, 17-26; critical flicker fre- 
quency and, 67-73; kinesthetic vs. 
visual, 3-16. 


Judgment: Anchor-effect on, 602-605. 
Context-effects in, 576-583, 602-605. 
Distance-constancy, 308 ff. 
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Distant, apparent, 333-346. 

Free choice of scale, 602-605. 

Length, 274-277; context-effects on, 
576-583. 

Size, effect of surround on, 569-575, 
variables in, 475 f. 

Size-constancy, 308 ff.; chlorpromazine 
and, 552-560; sleep-deprivation and, 
552-560. 

Straightness, 4-17. 

Temporal, anchoring-effects on, 17-26. 

Verticality, 3-10. 

Jung, Carl Gustav, 639-641. 


Kinesthesis, figural after-effects, 457-466, 
473 f.; attention and, 629 f. 


Language, color names, BaMbuti, 306; 
Navaho, 233-241; vocal cues identify- 
ing, 90-93. 

Lashley, Karl Spencer, selected papers of, 
144-147. 

Leadership, 322 f. 

Learning: Awareness, without, 425-432. 
Behavior and, 660 f. 

Bilinguals, by, Italian-English, 446- 


451; Navaho-English, 233-241, 
447. 

Discrimination, length, 274-277, mon- 
key’s 86-89; reversal, 594-589; 


size, 304 f., 569-575. 
Discriminative task, 425-432. 
Generalization in, 425-432. 
Incentive, electric shock, 462-466. 
Incidental, 283-286. 

Insight and, 426 f. 

Paired-associate, mediators in, 373-383. 
Probability-matching, 542-551. 
Reinforcement and extinction, 561-568. 
Repetition vs. single-trial, 590-595; 

tested by free recall, 596-602. 
Serial vs. paired-associate, 517-528. 
Single-trial, evidence for, revaluated, 

590-595; tested by free recall, 596- 

602 


Serial vs. paired-associate, 517-528. 

Single-trial, evidence for, revaluated, 
590-595; tested by free recall, 596- 
602. 

Size-constancy, BaMbuti, 304 f. 

Spread of effect in, 493-505. 

Verbal, ‘isolation effect,’ on, 452-456; 
meaningfulness, 656 f.; serial, the 
stimulus in, 517-528; syntactical 
structure and, 80-85. 

Length, judgments of, context-effect on, 
576-583. R 
Limen, difference, electrical stimulation 
on finger-tips, 45-53; see Threshold. 
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Lissajous figures, 131 f, i 3 
Literature, tragedy, psychological analysis 
of, 662 f. 


Management, automation and, 
E and, 661. 

Marketing, management and, 661. 

Meaning, learning and, 656 f.; verbal, 
lapse of, with repetition, 513, visual 
analogies, 514 f. 

Meetings: Amer. Phil. Soc., 316, 
Confrence on Neuropharmacology, 

659 f. 
Eastern Psychol. Assn., 632 f. 
Midwestern Psychol. Assn., 476 f. 
Nat. Acad. Sciences, 315 f. 
Soc. Exper. Psychologists, 313 f. 
Southern Soc. Philos. Psychol., 314 f. 

Memory, apparatus, delayed alternation, 
298-300. 

Mental deficient, size-constancy and, 98- 
100. 

Mental health, essays on, 161. 

Method, electrical shocking for small 
animals, 612-618; free recall, 596-602; 
learning, serial vs, Paired-associate, 
517-528, 590-595; research, psycho- 
logical, 484 f. 

Michigan, psychology at, 168 ff. 

Military problems, 486-488, 


Modality, cross, effect of tones on vision, ` 


260-265; effect on reaction of shifts 
in, 224-232; intermodal effects, kines- 
thetic vs. visual, 3-16; see Intermodal. 
Monkey, see Animals. 
Mood-tone, colors, 266-273. 
Mother-child relationships, 154 f 
Motivation, a reinterpretation, 323 f. 
Motives, theory of, 625-629. 
Motor skills, apparatus for measuring, 
121-124. 
Murchison, Carl, 641 f, 
Music, BaMbuti, 306 f. 


Navaho, color-naming of, 233-241; word- 
associations, 357 f, 
pier’ aa Davis, Roland Clark, 633- 
36. 


Hovland, Carl Iver, 637-639. 

Jung, Carl Gustav, 639-641, 

Murchison, Carl, 641 f. 

Pillsbury, W. B., 165-173. 

Tolman, E. C., 135-141. 

See Biography, 

Neuropharmacolo; » Conference, trans- 
oo of, 639 T, 

europsychology, Lashley’s, 144 ff, 
Number, perception, BaMbuti 306. 
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Odor, see Olfactory, 

Olfactometer, 384 f, 

Olfactory, sensitivity (rats), absolute, 
384-393. 


Perception: Age-differences in, 506-516, 
Ambiguous figures and, 215-223, 
Causality, 394-402. 

Color, Navaho, 233-41; BaMbuti, 306. 
fined, organismic theory, 4. 
Depth, astigmatism and, 133 f. 
Distance, BaMbuti, 304 f.; known 
size and, 333-346. 
dge-contour, 101-103, 
Figure-ground, 312 f. 
Form, changes with age, 188 ff:; de- 
velopment of, 185 ff. H 
Kinesthetic, straightness, 11-16; verti- 
cality, 4-10. 
_ Number, BaMbuti, 306. 
Problems of, 663. 
Psychology of, 478 f 
Size, BaMbuti, 304 ff. 
Tactual, displacement, 61-66. 
Temporal, 17-26. 

Verticality, visual, effect of tones on, 
260-265. . 
Visual, straightness, 11-16; verticality, 

4-10. 


Visual space, 486 f. 

Personality, dreams and, 162; inner con- 
flicts and defenses, 491; social context 
and, 643-647; Stuttering and, 483 f. 

etwas reversible, factors affecting, 
131 f. 


Phantom limbs, congenital, 467-470. 

Pharmacology, Neuro-, Conference trans- 
actions, 659 f. 

Pillsbury, Walter Bowers, 165 ff.; bib- 
liography, 174 ff.; portrait, 164. 

Pigeons, see Animals, 

Pitch, scaling, 242-251. 

Placebo, effect of, 558. 

Pleasure-pain, motivation and, 625-629. 

Portraits, Pillsbury, W. B., 164; note 
acknowledging, 316; Tolman, E. C., 
2; note acl owledging, 134, 

Preference, form, children's, preschool, 
177-190, 

Probability-matching (fish), 542-551. 

Problem-solving, 410-417, 418-424. 

Psychoanalysis, Jung and, 640. 

Psychology, Cornell, at, 166 f.; develop- 
mental, 160; Michigan, at, 168-170; 
systematic formulations, 142-144; 
textbook, introductory, 158 f. 

Psychophysics, judgment of length, 274- 
277. 


INDEX 


Psychosomatic disorders, mother-child 
interaction. 154 f. 
Psychotherapy, counseling and, 149 je 


training in, 658 f. 


Rat, see Animals. 

Reaction-time, color-names, Navaho, 233- 
241; cross vs. ipsimodal, 224-232; 
schizophrenic vs. normal, 224-232. 

Recency, determinant of perceptual os- 
cillation, 215-223. 

Recognition, color, Navaho, 233-241; 
language, of, basic cues in the, 90-93. 

Repetition, ea lapse of, with, 513; 
reward, effects of, on, 493-505; verbal 
transformation with, 506-516; see 
Learning. > 

Research, design of, 653-655; methods, 
484 e small group, 488; tactics of 
484 f. 

Retention, repetition, effects of, on, 596- 
601. 

Reversible figure, husband and father-in- 
law, 312 f. 

Reward, effect of, on pecking-rate (pig- 
eons), 278-282. 

Rorschach test, symposium on, 482 f. 


Scaling, colors and mood, 266-273; 
pitch, ratio vs. magnitude-judgments, 
242-251; theory and applications, 
655 Í. 

Schizophrenic, normal vs., reaction-times, 
224-232. 

Self-love theory of motives, 625-629. 
Semantic, ratings, goals vs. values, 310 
ff.; shift in bilingualism, 233-241. 

Sensitivity, olfactory, 384-393. 

Set, mental, 326 f.; reaction-times and, 
224, 231 f. 

Sex, Havelock Ellis on, 151-154. 

Sex-difference, form, för, 180, 184. 

Size: Constancy, of the mental deficient, 

98-100. 
Determinate of form-preference, 181 f. 
Judgments of, effect of surround on, 
569-575. 
Matching, variables in, 475 f. 
Perception, BaMbuti, 304 ff. 
Retinal image, 440-445. 

Size-constancy, 333-346; BaMbuti pyg- 
mies, 304 f.; chlorpromazine and, 552 £: 
distance vs., 308 ff.; mental deficient, 
98 f.; sleep-deprivation and, 552-560. 

Skin-conductance, apparatus for measur- 
ing, 293-297; patterns of, 74-79; meas- 
urement of, 106-113. 
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Smell, absolute limen (rats), 384-393 
olfactometer, 384 f. 

Social, change in power plants, 657 f. 
context, personality and, 643-647. 

Social nd sag American voter, 648 
651; automation, 657 f.; managemen 
and marketing, 661; vocal cues identi 
fying race, 90-93. 

Space, danger and the experiences of, 98 
visual, 486 f. ` 

Space-medicine, 480 f. 

Speech disorders, nondirected therap 
and, 664; personality and, 483 f. 
physiology of, 327; stuttering, 661 } 

Statistics, elementary, 327 f. 

Stimulus, cutaneous, electrical, as mear 
of communication, 45-53; sublimina 
effect of, on guessing, 54-60. 

Stimulus-condition, surround a, 569-57: 

Straightness, perception of, 11-16. 

Stuttering, etiology and treatment, 661 f 
personality and, 483 f. 

Subliminal stimuli, effect of, on gues 
ing, 54-60. 


Tactual, acuity, 61-66; perception, di 
placement, 61-66. 

Taste, discrimination (monkey), 406. 

Temperature, aquariums, control of, 30 

Test, statistical, of Weber's law, 630 i 

Therapy, non-directive, speech disorde 
and, 664; play and projection, 483 ff 
stuttering, 661 f. 

Threshold, audition, quantal hypothesi 
191-204; intensive, electrical, 45-5 
tactual displacement, 61-66; si 
Limen; Weber's law. 

Time, danger and the experience of, 9: 
97; see Duration. 

Time-estimation, see Duration. 

Tolman, Edward Chase, 135-141; po 
trait, 1. 

Tones, monaural and binaural, effect 
visual perception, 260-265. 

Tracking, relative proficiency of differe 
fingers and their combinations, 36-44 

Tragedy, psychological analysis of, 662 

Training, psychotherapy, of, 658 f. 

Transactions, Neuopharmacology Confe 
ence, 659 f. 

Traube-Hering waves, 
168 f. 


attention an 


Values, goals and, semantic rating 
310 ff. 

Verbal organization, indistinct speec 
513 f. 
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